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How to Use Your Texthook

Your textbook may seem confusing at first. But with a little
introduction, you'll realize that your science textbook can be a
big help. In the next few pages, you'll learn how this textbook
can help you become a successful science student. You will also
learn how interesting and exciting science can be.

Jump-Start Your Learning

The Chapter Preview helps you brush up on
your learning skills and helps you focus on

what is important.

Each chapter starts with instructions on how
to make a Graphic Organizer, a tool for
organizing the information that you read. A
sample Graphic Organizer gives you a sneak

preview of the major concepts in the chapter.

California has important Science Standards
that guide your learning. Use this page to

get to know the standards better. The chart
contains Academic Vocabulary found in the
standards. Also, What It Means describes
each standard in basic terms.

M5, Chapter Preview

Improving Compreh

Graphic Organizers are important visual tools th:
information and improve your reading compreh
below is called a pyramid chart. Instructions far

ension

at can help you organize
ension. The Graphic Organizer
creating other types of Graphic

Organizers are located in the Study Skills section of the Appendix.

How to Make a Pyramid Chart

When to Use a Pyr7 aid Chart

© Draw a triangle that is divided into sections A pyramid chartis used to  ganize information

like the one shown below. Draw as many
sections as you need to draw.

© Draw a box to the left of the triangle, as
shown in the example. Write the topic of
your pyramid chart in the box.

© In each section of your triangle, wite infor-
mation about the topic in the apprapriate
level of the pyramid.

in 2 hierarchy of magnituc o detail. As the
shape of the pyramid sur ests, the pyramid’s
bottom level contains i armation that is largest
in terms of magnitude nd broadest, or least
specific, in terms of d .ail. As you read about
science, look for infc mation that you can
organize into a hier rchy.

Stars

balls of gas
classified by
magnitude and

temperature

systems of

Galaxies
stars, star clusters,

nebulas, and planetary systems;

classified by
star

shape and by rate of
r formation

Galaxy Clusters
groups of up to several
thousand galaxies clustered together

Th
the sum of all space, matter,

e Universe
and energy; about 14 billions years old

You Try It!

Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic lary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary
o) .28 students know the roleof role (ROHL) a part or function; purpose
gravity in forming anc maintaining the ‘maintain (mayn TAVN) to keep the same
shapes of planets,stas, and the solar
system.

o~

What It Means

You must know how the force of ttraction
between objects that s due to their masses
affects the shapes of planets,stars, and the
solar system.

@ 8.4.a Students know galaxies are
clusters of billions of stars and may have
different shapes.

Galaxies are groups of billions of stars and
may have different shapes.

m 8.4.b Students know that the Sun
is one of many stars in the Milky Way
galaxy and that stars may differ in size,
temperature, and color.

The sunis one of many stars in the Milky
Way galaxy. Stars may diffr i size,
temperature, and color.

@ 8.4.¢ Students know how to use
astronomical units and light years as
measures of distances between the Sun,
stars, and Earth.

You must know how to use the distance
between Earth and the sun and the distance
that light can travel in one year to measure
distances between the sun, stars, and Earth.

[0 8.0.0 Students know thattarsare  source (SAWRS) the thing from which
the source of light for all bright objectsin  something else comes

outer space and that the Moon and planets

shine by reflected sunlight, not by their

own light

Stars are the only obiectsin space that
generate light. Al other bright obiects in
outer space, such as the moon and planets,
shine because they reflectight from the
sun. They do not make their own light.

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own pyramid chart as directed in the
Reading Strategy for Section g Record your work in your Science Journal.

432 Chapter 15 Stars, Galaxies, and the Universe Chapter Preview 433
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Step into Science

The beginning of each chapter is designed to get
you involved with science. You will immediately
see that science is cool!

Check out the Big Idea to see the
focus of the chapter. The entire
chapter supports this Big Idea.

Substances undergo chemical
reactions, which form new
substances whose properties
differ from the properties of
the original substances.

California Standards

Focus on Physical Sciences
8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Sections 1 and 2)
8.5 Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. (Sections 1 and 2)

and Exp i
8.9 Scientific progress is made by asking meaningful questions
and conducting careful investigations. (Science Skills Activity)
Math
6.1.2,6.2.3, 6.2.4 Number Sense
English-Language Arts
8.2.2 Reading
8.2.6 Writing

About the Photoi

These dazzling fireworks over the Golden Gate

Bridge in San Francisco are great examples of
chemical reactions. Chemical reactions cause
fireworks to soar, explode, and light up the
sky. The bright lights from the fireworks are
one of the signs that energy is released.

254 Chapter 9

Organize

Four-Corner Fold

Before you read the chapter, create the
FoldNote entitled “Four-Corner Fold."
Label each flap of the four-corner fold
with “Signs of chemical reactions,”
“Reactions and energy,” “Chemical
formulas,” and “Chemical

equations!” As you read

the chapter, add details

about each topic under

the appropriate flap.

Instructions for creating
FoldNotes are located in
the Study Skills section

on p. 519 of the Appendix.

You can't be organized enough when learning
science. The FoldNote provided here gives
you note-taking options. These FoldNotes are
fun to make and help you understand and
remember what you have learned.

A Model Chemical Formula

Chemicals react in very precise ways. In this activity,
you will model a chemical reaction and will predict
how chemicals react.

Procedure

1. You will receive several clay models. The models
are balls of clay attached by toothpicks. Each of
these models is a Model A.

2. Your teacher will show you an example of Model
B and Model C. Take apart one or more Model As
to make copies of Model B and Model C.

3.1f you have balls of clay left over, use them
to make more Model Bs and Model Cs. If you
need more parts to complete a Model B or
Model C, take apart anather Model A.

4. Repeat step 3 until you have no balls
of clay left over. 85a
Analysis
5. How many Model As did you use to
make copies of Model B and Model C?
6. How many Model Bs did you make?
How many Model Cs did you make?
7. Suppose that you needed to make six Model Bs.
How many Model As would you need?
How many Model Cs could you make with
the leftover balls of clay?

e -

It is never too early for exploration in
science. The Explore Activity gives you a
chance to get some hands-on experience
right away. Each activity is a lot of fun and
introduces you to one or more California
Science Standards from the chapter.

How to Use Your Textbook XX



Read for Meaning

You want to get the most out of your reading.
One way to do so is to take a minute to learn
how the sections are organized.

Be sure to start each section
by reading the information
in the margin. This
information tells you What
You Will Learn and Why
It Matters. Believe it or
not, knowing these things
will improve your learning.

What You Will Learn

® Examples of chemical properties
are reactivity and flammability.

® A chemical change is the process
by which a substance changes into
a new substance.

© Chemical changes usually liberate
or absorb heat.

Why It Matters
Understanding the chemical properties
of matter can help you understand
how new substances form from other
substances.

Don't skip the Reading
Strategy. Each strategy
provides tips on how to
take better notes and
how to read for better
understanding.

Vocabulary
« chemical property
» chemical change

ADIN D A v

Graphic Organizer In your Science
Journal, create a Venn Diagram that
compares types of changes that matter
can undergo.

Wordwise flammability
The root flamm- means “to burn”
or “flame.”

The humper on this car still looks new
becal se it is coated with chromium.

Chrom um has the chemical property
of nonr. activity with oxygen.

ES

8.5.a Students know reactant atoms and
molecules interact to form products with different
chemical properties.

8.5.¢ Students know chemical reactions usually
liberate heat or absorb heat.

8.5.d Students know physical processes inciude
freezing and boiling, in which a material changes
form with no chemical reaction.

20 Chapter 3

XXiv How to Use Your Textbook

Properties of N ter

The Key Concept sets the stage for

your understanding of the section.
Read it carefully, and notice how
it relates to the chapter’s Big Idea.
Together, the Big Idea and the Key
Concepts give you an excellent
overview of the chapter.

Chemica! Properties

Key Concept A chemical property describes the ability of
a substance to change into a new substance.

= How would you describe a piece of wood before and after it
is burned? Did burning change the wood’s color? Did burning
change the wood’s texture? The piece of wood changed, and
physical changes alone do not account for all of the ways in
which the wood changed.

Identifying Chemical Properties

Physical properties are not the only properties that describe
matter. Chemical properties describe matter based on its ability
to change into new matter, ¢
from the identity of the origin:
is reactivity. Reactivity is the ¢
into one or more new substa
in Figure 1 shows reactivity ar

A kind of reactivity is flar
ity of a substance to burmn .vo
flammability. When woc .is bu
other substances. The groperti
from the properties of the wood. Ash and smoke cannot burn,
so they have the chernical property of nonflammability.

mﬂ!mﬂ Why is reactivity not a physical property?
[®ssa

Do you understand what you
are reading? Don't wait until test
time to find out. The Standards
Checks help you see if you are
understanding the standards.

@TED Reactivity with Oxygen

The iron used in this old car has the chemical
property of reactivity with oxygen. When iron
is exposed to oxygen, the iron rusts.

Notice how vocabulary is treated in the
margins. All vocabulary terms are defined
in the margins for quick reference. Also
look for Wordwise items, which help you
understand how prefixes and suffixes are
used in scientific words.



Keep an Eye on the Headings

Notice how the headings in the textbook are different sizes
and different colors. The headings help you organize your
reading and form a simple outline, as shown below.

Blue: section title
Red: major subheads
Light blue: minor subheads

Science Is Doing

You get many opportunities throughout
the textbook to actually do science.

Each section has at least one Quick
Lab to help you get real experience
doing science. Also look for School-
to-Home Activities for cool activities
that you can do at home.

stirring rod.

Quick Lab

Blue to Red—Acid!

1. Pour about 5 mL of a test solution into
a spot plate. Test the solution using red
litmus paper and blue litmus paper by
dipping a stirring rod into the solution and
touching the rod to a piece of litmus paper.

2. Record any color changes. Clean the

One good way to study is to write down
the headings in outline form in your notes.
Reviewing this outline will give you a good
idea of the main concepts in the chapter
and will show you how they are related.

e
e

3. Repeat the above steps with each solution.
Use new pieces of litmus paper as needed.

4. |dentify each solution as acidic or basic.

The Chapter Lab at the end of each chapter
helps you build your understanding of scientific
methods. These labs reinforce the California
Science Standards with a hands-on activity.

Using Scientiftc Methods
skills Practice (D)

Flame Tests @ Light the burner. Clean the wire by dipping it

LoBIECTIVES Fireworks produce fantastic combinations of color when into ihe diute hydrochlarc acid and her nto
they are ignited. The many colors are the results of burning. " lolcing ,
Observe flame colors emitted . A heat in the blue mer
by various compounds. many different compounds. Imagine that you are the head untl the wire is glowing and it no longer colors.
g chemist for a fireworks company. The label has fallen off one glowing 8

Determine the composition of
an unknown compoun

« Bunsen bumer
« chloride test solutions (4)

« hydrochloric acid, dilute, in a

small beaker

« spark igniter
« tape, masking

« water, distilled,in a small

3

« wire and holder

SHS0&

box, and you must identify the unknown compound inside so the flame. Caution: Use extreme care around

that the fireworks may be used in the correct fireworks display.
To identify the compound, you will use your knowledge that
every compound has a unique set of properties.

an open flame.

(O Dip the clean wire into the first test solution.
Hold the wire at the tip of the inner cone of
the burner flame. Record in the table the color
that the burning solution gives to the flame.

@ Clean the wire by repeating step 5.
repeat steps 5 and 6 for the other s

MATERIALS

Ask a Question

@ How can you identiy an unknown compound by heating it in
a flame?

O Follow your teacher's instructions for cleanuj
and disposal.

Form a Hypothesis

© Wiite 3 hypothesis that is a possible answer to the question
above. Explain your reasoniny Analyze the Results

© 1dentifying Patterns s the flame color a
test for the metal or for the chloride in each
compound? Explain your answer.

(@ Analyzing Data Whatis the identity of your
unknown solution? How do you know?

Test the Hypothesis

© Arange the test tubes in the testtube rack. Use masking tape
to label each tube with one of the following names: calcium
chloride, potassium chloride, sodium chloride, and unknown.

© Copy the table below Then, ask your teacher for your portions
of the solutions. Caution: Be very careful in handiing all chem-
icals. Tell your teacher immediately if you spill a chemical,

Draw Conclusions

@ Evaluating Methods Why is it necessary
to carefully clean the wire before testing
each solution?

Compound Color of flame

Calcium chloride

18

Potassium chloride

Sodium chloride

Unknown

Chapter 5 Elements, Compounds, and Mixtures

Science Skills Activity

Scientific
Methods Data

 Calculation
Analysis i

Graphs

Constructing a Line Graph
= Tutorial

on h pay
 Label the x-axis in terms that

desciibe the types of data.
Usu

P t you
have plotted.

« Wite the tie of your graph an the top otk maph.
@ Making Predictions  Would you &3]

B You Try It!

Procedure

compounds that you tested is mads
chlorine, which is a poisonous gas 1
temperature. Why is it safe to use thd
compounds without a gas mask?

Each chapter has one Science
Skills Activity, which gives you
an opportunity to develop your
science skills. Scientific methods,
doing research, analyzing

data, and making graphs are
highlighted here. The step-by-step
instructions make learning these
skills easy.

Big Idea Question

@ Analyzing Methods You can use t
testto determine if sodium is one of|
ments in a compound. But you woul
the flame test on a pure metal to d+
the metal is sodium. Explain why.

Analysis

© identifying _Wite a statement tha
the relationship between the vetoc
galaxy cluster an

© Comparing Cor

ol

460 Chapter1s  Stars Gala
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Review What You Have Learned

You can’t review too much when you are learning science. To

help you review, a Section Review appears at the end of every
section and a Chapter Summary and Chapter Review appear at the end
of every chapter. These reviews not only help you study for tests

but also help further your understanding of the content.

Missions to Mars
Several recent missions to

Mars were launched to gain a

better understanding of the Martian world. Figure 8 shows the

Mars Express Orbiter, which reached Mars in De

‘mber 2003.

The spacecraft has been performing remote sensing of Mars.
The Orbiter's instruments are searching for traces of water both
underground and on the planet’s surface.

In January 2004, the explora
landed on Mars. The instrumen

tion rovers Spirit and Opportunity
ts on this pair of wheeled robots

have found strong evidence that water once existed on the

surface of the planet. The

dence included finding sediments

that had been rippled by water at the bottom of a shallow sea

and rocks that had once been

Srimian
Review

...

(Summary]

© The inner planets include
Mercury, Venus, Earth,
and Mars.

© The inner planets differ from
each other and from other

in the solar system
in size and composition.

© Mercury is the closest planet
to the sun. Mercury is small
and rocky and revolves
around the sun every 88 days.

© Venus is much like Earth,
but Venus's atmosphere is
much denser than Earth's.

© Earth is the only planet in
the solar system known to
support life.

© Evidence suggests that Mars
had liquid water in the
past and that Mars was gea-
logically active in the past.

Internet Resources let you li

to interesting topics and activities

related to the section’s conten

soaked with water.

Using Vocabulary

@ Explain how the meanings of

Figure 8 The Mars Express
Orbiter helps scientists map Mars
and study Mars's atmosphere.

© Identifying Relationships
Earth is almost 3 times the size
of Mercury. But Earth has an

prograde rotation and
retrograde rotation differ.

Understanding Concepts

average density of 5.52 g/cm?,
and Mercury has an average
density of 5.43 g/cms. Why does
Mercury have an average den-
sity that is close to that of Earth

Just a few clicks away, each

Super Summary gives you
even more ways to review

and study for tests.

(Chapter;Summaryj

KENIORD. YU )

B The structure and composition of the universe can be
The Blg Idea learned by studying stars and galaxies and their evolution.

CEEEEE— T

@ stars

Key Concept Stars differ in size, color,

temperature, brightness, and age. Scientists

use these differences to classify stars.

@ Stars diffr in size, temperature, compositon,
brightness, and color.

 Distances between stars are enormous and are
‘measured in light-years.

&)l The Life Cycle of Stars

Key Concept Stars vary in mass, size, brightness,

color, and temperature, and these variations are

related to the stars’ life cycles.

 During star formation, gravty pulls dust and gas into
sphere, and when the sphere gets dense enough, nuclear

© Comparing Compare period
of rotation with period of
revolution.

© Analyzing Why are surface
temperatures on Venus so high?

O Identifying Identify two factors.
that make Earth suitable for life.

© Analyzing Why are surface
temperatures on Mars low?

© Identifying Identify three dis-
coveries made by spacecraft that
have been sent to study Mars.

© Making Inferences How can
satellites help us study Earth?

O Analyzing Ideas Why do
scientists think that Mars may
have once been a warmer place
and may have had » thicker
atmachara)

nk

t.

even though Mercury is a much
smaller planet?

@ Identifying Relationships
Earth and Venus have a much
higher surface gravity than
Mercury and Mars do. How is
surface gravity related to a
planet's atmosphere?

@ Analyzing Ideas Explain why
Mercury, Venus, and Mars are
not likely to support fife as we
know it.

Internet Resources

For a variety of links related to this
chapter, go to wwwscilinks.org
Topic The e Planets P
SciLinks code: HY70798.

(Chapter;Review IS

FoldNote that you created at the

Four-Corner Fold Review the . '

or correct the FoldNote based on

beginning of the chapter. Add to . ’

what you have learned.

Using Vocabulary

© Academic Vocabulary Which of the follow-
ing words means “to act on each other?

a. relate

b. observe

mix

d. interact

Complete each of the following sentences by
choosing the correct term from the word bank.

subscript exothermic reaction
reactant andothenmic 1saction
product caefficient
€ A(n) s 2 starting substance in a chemical
reaction.
heatis called

When it comes time for a chapter test, don't panic!

The Chapter Review helps you get ready by
providing a wide variety of questions. Many of these
questions help you develop a better understanding

that the
lement is
e products

of the content. Once you understand the content, =

you will be ready for any test!

XXVi
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st chemical

Chemical Reactions

fusion begins.
© The stages of a starslfe cyce and the stars properties
at each stage can be plotted on the H-R diagram.

&)l Galaxies
Key Con

 The three types of galaxes are spiral galaxies,
eliptical galaes, and irregular galaxies.

 Galavies are composed of stars, planetary systems,
nebulas, and sta clusters.

 Looking at distant galaies reveals what young
galaxies looked lke.

L)l Formation of the Universe
Key Concept Every object in the universe
is part of a larger system, and the force of
gravity acts within each system.

Galaxies cont
stars and have different shapes.

@ The *ig bang theory is the standard theary to
aain the formation of the universe.

lives as supernovas

billions of

The Andromeda galaxy
is a spiral galaxy.

Th universe contains
Hians of galaxies.

Be sure to read the Big Ideas
and the Key Concepts to see =

how they fit together.

© Which of the vcuowmg is a formula for an

ionic compour
. . MgBr,
b. CH, d. sicl,

© Which of the following chemical equations
is balanced:

a. Ba(CN), + 2H,50, —» BasO, + 2HCN
b. 2Na + MgS0, —» NaSO, + Mg
€ Cu+0, —» 2Cu0
d. 3H, + N, —» NHy
Short Answer
INTERPRETING GRAPHICS  Use the model of a
chemical equation below to answer the next three
questions.

H, + N, — NH;

v — 8
NH,

© Identifying _Identify the reactants and
the products in the chemical reaction.

© Modeling Balance the chemical equation for
the reaction. Draw molecular diagrams of your
balanced chemical equation.

@ Analyzing Which bonds are broken and
which bonds are formed in the reaction?

INTERPRETING GRAPHICS Use the table below
to answer the next two questions.

Reactants roducts

Trial equation | 4NH; + 20, | 4NO + 6H,0
Number of ‘
I

nitrogen atoms
Number of
oxygen atoms
Number of
hydrogen
atoms

@ Evaluating Complete the table to determine
if the chemical equation shown is balanced.

© Applying If the equation is not balanced,
use the information that you put into the table
to wiite the balanced equation.

@ Describing Describe what happens to
chemical bonds during a chemical reaction.

@ Listing Name four clues that signal that a
chemical reaction may be taking place.

@ Technical Writing Write a procedure that
your classmates can use to balance equations.
Your procedure should include dlear steps that
take into account all of the factors that must
be considered when balancing an equation.

Critical Thinking

chemical reaction, theml(al

equation, chemical formulas, O%O

reactants, coefficients, and subscripts.

@ Concept Mapping Use the
following terms to (rea!e a
concept map:

@ Evaluating Assumptions Your friend is
very wortied by rumors that he has heard about
a substance called dihydrogen monoxide in the
city's water system. What could you say to your
friend to calm his fears? (Hint: Write the formula
for the substance)

@ Applying Concepts Before leaving a steel
pipe outdoors, you measured its mass. One
month later, the pipe had rusted, and its mass
had increased. Does this change violate the law
of consenation of mass? Explain your answer.

@ Applying Concepts Acetic acid, a compound
found in vinegar, reacts with bal a to
produce carbon dioxide, water, and sodium
acetate. Without writing an equation, identify
the reactants and the products of this reaction.

@ Applying Concepts During the process
of photosynthesis, carbon dioxide and water
react to produce glucose, CgH,,0;,, and oxygen,
0,. Wite the balanced equation that describes
the overall chemical reaction that occurs
during photosynthesis.

spectrum p. 457
apparent magnitude
p. 440

absolute magnitude
p. 40

light-year p. 441
parallax p. 441

‘main sequence p. 445
H-R diagram p. 416
supernova p. 445

Many massive tars end their

salaxy p. 450
nebula p. 452

big bang theory p. 455
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INTERPRETING GRAPHICS  Use the photo
below to answer the next two questions.

@ Applying Concepts What evidence in
the photo supports the claim that a chemical
reaction is taking place?

@ Identifying Relationships s this reaction
an exothermic or endothermic reaction?
Explain your answer.

@ Using Formulas  Calculate the number of
atoms of each element shown in the following
formulas:

a. Caso,

b. 4NaOCI

. Fe(NO,),
d. 2A1,(CO,);

© Balancing Equations Write balanced
equations for the following:
a.Fe+0, —» Fe,0.

b. Al + CUSO, —» AL(SO,); + Cu
€ Mg(OH), + HCl —= MgCl, + H,0

@ Applying Concepts In a car engine, oxygen
reacts with gasoline to produce carbon dioxide
and water. This reaction is exothermic. Is
more energy or less energy needed to break
the bonds in the oxygen and gasoline than
is released when the bonds in the carbon
dioxide and water are made? Explain your
reasoning.

Chapter Review
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Review the Standards

Mastering the California Science Standards

takes practice and more practice! The Standards
Assessment helps you review the California Science
Standards covered in the chapter. The multiple-
choice questions also give you some additional
practice with standardized tests.

I StandardsJAssessmentR=ERCTS -

REVIEWING ACADEMIC VOCABULARY REVIEWING CONCEPTS I REVIEWING PRIOR LEARNING
Which of the following words means Whatis the unitthat astronomers use ™ H . o ides
O et et Uk o it o = £ | @ yinichof thefolowing particles is always
from parts™? and stars called? oo B
A structure A apparent magnitude H A protons
B identity B absolute magnitude - w B neutrons
Alpha H € electrons
€ concept © lightyear e 2
1 3 D posirons
sun §
0 oe D paralax T H
© Choose the appropriate form of the word | (@) Which of the followineg stars has the oo F | @ Which group inthe periodic table
‘maintain for \ s P o e
“She 2 B average at school, even H A Group 18, the noble gases
A a blue-white star k]
whie s was i th pa o o velon [ ] B Group 13, the boron group
A maintain , TC S0 50 € Group 15, the ritrogen group
B maintains € ayellow FooGc oK oom
N D Group 1, the alkali metals
© maintained an ora Spectral type
o mainten: @ What do sceniss lean by studying the © which statement about the H-R disgram | @ How do geslogists messure the precise
patiem of lnes In a sta’s sbsorption above is true g
(5] lnlhesenknze Sclenlmssludvlhe spectrum? A Alpha Centauri is hotter and brighter Esullvvgthe of land
mivrse by sudying he evoluton of strs” ighiness o the str than the s m
i docs o s evelotion et ;
B the elements of the star B Sadr ut brighter than the ing the fosslrecord
star ting the temperature of

A the pattem of change and growth
hich species develop € the distance of the star from Earth € Polluxis the hottest star shown in
D the size of the star the graph. he radioactive decay of
e in space D Sadr i the hottest star shown in
the graph.

© Which of the fol ‘words is the @ Ccyanobacteria wer e some of the st

closest in meaning to the word role?

he st sgnitant way in whl(h hese
bacteria affected lfe on Earth?
A Theywere apredtor
o ot nreened v togse the
extnction of other speces.

JUBWISSISSY SpIepuels

D function o
© The picture above shows an example of hot
A an elliptical galaxy.
B ani egmaygalm D Gravity causes bodies to be scattered o
€ asupemova. randomly throughout the universe. o T hielding other
D a spiral galaxy Juat i Sl
468  Chapter 15 Stars, Galaxies, and the Universe Standards Assessment 465

Test-Drive Your
Understanding

How well can you use the book now?
Use Chapter 1 to answer the questions
below and to find out!

© Which type of Graphic Organizer is
used in the Chapter Preview?

© Which California Science Standards
are covered in Chapter 1?

© What is the Big Idea of this chapter?

O What will you be doing in the
Explore Activity?

© What is the Key Concept of
Section 2?

O What is the Reading Strategy
for Section 1?

© What new vocabulary terms are
introduced in Section 2?

O How many Standards Checks are in
Section 1?

© What is the name of the Quick Lab in
Section 3?

(D On what page does the Chapter
Summary appear?

(D How many Standards Assessment
questions are there?

@ What is the Super Summary code for
Chapter 1?

Be Resourceful—Use the Web!

Internet Resources Current Events

for Each Section in Science

A box on the Section Review page for  Check out the online magazine
each section takes you to resources articles and other materials that go
that you can use for science projects,  with your textbook at go.hrw.com.
reports, and research papers. To find  Click on the textbook icon and the

information on a topic, go to Table of Contents to see all of the
scilinks.org and type in the code resources for each chapter.
provided.

\

Your Online Textbook
If your teacher gives you a special
password to log onto the Holt
Online Learning site, you'll find
your complete textbook on the Web.
In addition, you'll find some great
learning tools and practice quizzes.
You'll be able to see how well

you know the material from your
textbook.

How to Use Your Textbook XXVii



Exploring, inventing,
and investigating are
essential to the study
of science. However,
these activities can also
be dangerous. To make
sure that your experi-
ments and explorations are safe, you
must be aware of a variety of safety
guidelines. You have probably heard
of the saying “It is better to be safe
than sorry.” This is particularly true in

Safety Rules!

Start Out Right

Always get your teacher’s permission
before attempting any laboratory explo-
ration. Read the procedures carefully, and
pay particular attention to safety infor-
mation and caution statements. If you
are unsure about what a safety symbol
means, look it up or ask your teacher. You
cannot be too careful when it comes to
safety. If an accident does occur, inform
your teacher immediately no matter how
minor the event seems.

If you are instructed to
note the odor of a sub-
stance, wave the fumes
toward your nose with
your hand. Never put
your nose close to the
source.

a science classroom where experiments
and explorations are being performed.
Being uninformed and careless can
result in serious injuries. Don’t take
chances with your own safety or with
anyone else’s.

The following pages describe impor-
tant guidelines for staying safe in the
science classroom. Your teacher may
also have safety guidelines and tips
that are specific to your classroom and
laboratory. Take the time to be safe.

Safety Symbols

All of the experiments and investigations
in this book and their related worksheets
include important safety symbols to alert
you to particular safety concerns. Become
familiar with these symbols so that when
you see them, you will know what they
mean and what to do. It is important that
you read this entire safety section to learn
about specific dangers in the laboratory.

6O

Eye Clothing Hand
protection protection safety
Heating Electric Chemical
safety safety safety
Animal Sharp Plant
safety object safety



Eye Safety @

Wear safety goggles when working around
chemicals, acids, bases, or any type of
flame or heating device. Wear safety gog-
gles anytime there is the slightest chance
that your eyes could be harmed. If any-
thing gets into your eyes, notify your
teacher immediately and flush your eyes
with running water for at least 15 min-
utes. Treat any unknown chemical as if
it were a dangerous chemical. Never look
directly into the sun. Doing so could cause
permanent blindness.

Avoid wearing contact lenses in a labo-
ratory situation. Even if you are wearing
safety goggles, chemicals can get between
the contact lenses and your eyes. If your
doctor requires that you wear contact
lenses instead of glasses, wear eye-cup
safety goggles in the lab.

Safety Equipment

Know the locations of the near-
est fire alarms and any other
safety equipment, such as fire
blankets and eyewash fountains,
as identified by your teacher.
And know the procedures for
using the equipment.

Neatness

Keep your work area free of all unneces-
sary books and papers. Tie back long hair,
and secure loose sleeves or other loose
articles of clothing, such as ties and bows.
Remove dangling jewelry. Don’t wear
open-toed shoes or sandals in the labora-
tory. Never eat, drink, or apply cosmetics
in a laboratory setting. Food, drink, and
cosmetics can easily become contami-
nated with dangerous materials.

Certain hair products (such as aero-
sol hair spray) are flammable and should
not be worn while working near an open
flame. Avoid wearing hair spray or hair
gel on lab days.

Sharp/Pointed Objects Q

Use knives and other sharp instruments
with extreme care. Never cut objects while
holding them in your hands. Place objects
on a suitable work surface for cutting.

Be extra careful when
using any glassware.
When adding a heavy
object to a graduated
cylinder, tilt the cylinder
so that the object slides
slowly to the bottom.

Safety First!



Heat @ e Q

Wear safety goggles when using a heat-
ing device or a flame. Whenever possible,
use an electric hot plate as a heat source
instead of using an open flame. When
heating materials in a test tube, angle the
test tube away from yourself and others.
To avoid burns, wear heat-resistant gloves
whenever instructed to do so.

Electricity 0

Be careful with electrical cords. When
using a microscope with a lamp, do not
place the cord where it could trip some-
one. Do not let cords hang over a table
edge in a way that could cause equipment
to fall if the cord is accidentally pulled. Do
not use equipment with damaged cords.
Do not use electrical equipment near
water or when your clothing or hands are
wet. Make sure that electrical equipment
is in the “off” position before plugging it
in. Turn off and unplug electrical equip-
ment when you have finished using it.

Safety First!

Chemicals @ e - @

Wear safety goggles when handling any
potentially dangerous chemicals. Wear an
apron and protective gloves when you
work with chemicals or whenever you
are told to do so. If a spill gets on your
skin or clothing, rinse it off immediately
with water for at least 5 minutes while
calling to your teacher. If you spill a cor-
rosive chemical onto your clothing, rinse
it off immediately by using a faucet or
the safety shower and remove the atfected
clothing while calling to your teacher.

Never mix chemicals unless your
teacher tells you to do so. Never taste,
touch, or smell chemicals unless you are
specifically directed to do so. Before work-
ing with a flammable liquid or gas, check
for the presence of any source of flame,
spark, or heat.




Animal Safety 9

Always obtain your teacher’s permission
before bringing any animal into the
school building. Handle animals only as
your teacher directs. Treat animals care-
fully and respectfully. Wash your hands
thoroughly after handling any animal.

Plant Safety %

Do not eat any part of a plant or plant
seed used in the laboratory. Wash your
hands thoroughly after handling any
part of a plant. When in nature, do not
pick any wild plants unless your teacher
instructs you to do so.

Glassware

Examine all glassware before use. Be sure
that glassware is clean and free of chips
and cracks. Report damaged glassware to
your teacher. Glass containers used for
heating should be made of heat-resistant
glass.



TIMELINE

Introduction
to Physical
Science

Physical science is the sci-
entific study of nonliving
matter. In this unit, you will
learn about how scientific
progress is made and how
scientists conduct investiga-
tions. Scientists ask mean-
ingful questions to guide
their investigations. Scien-
tists use a variety of tools
to collect, analyze, and
understand their results.
This timeline identifies some
events that were the result
of scientific investigations.

2 Unit 1

1751

Benjamin Franklin
attaches a key to a
kite and flies the kite
in a thunderstorm

to demonstrate that
lightning is a form

of electricity.

Willem Einthoven,
a Dutch physician,
develops the first
electrocardiograph
machine to record
the tiny electric
currents in the
body’s tissues.

1947 1958

The transistor is invented. The invention of the
integrated circuit, which
uses millions of transis-
tors, revolutionizes
electronic technology.




1773

American colonists
hold the Boston Tea
Party and dump 342
chests of British tea
into Boston Harbor.

1911

Superconductivity is discovered.
Superconductivity is the ability
of some metals and alloys to
carry electric current without
resistance under certain
conditions.

1984

The first portable CD
player is introduced.

1831

Michael Faraday, a British
scientist, and Joseph Henry,
an American physicist,
separately demonstrate the
principle of electromagnetic
induction, in which magnetism
is used to generate electricity.

1997

Garry Kasparov, reigning
world chess champion,
loses a historic match to a
computer named Deep Blue.

TSP
TR

-

1876

Alexander Graham
Bell officially invents
the telephone when
he beats Elisha Gray
to the patent office
by only a few hours.

1945

Grace Murray Hopper, a
pioneer in computers and
computer languages, coins
the phrase “debugging the
computer” after removing

a moth from the wiring of
her computer. The moth had
caused the computer to fail.

2003

One of the largest electricity
blackouts in North American
history started in the afternoon
on August 14, 2003. The blackout
left several large cities—including
New York City; Detroit, Michigan;
and Toronto, Canada—in the dark.
Several days passed before elec-
trical energy was fully restored to
the millions of people affected in
eight U.S. states and Canada.

Introduction to Physical Science



@), Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a process chart. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Process Chart When to Use a Process Chart
@ Draw a box. In the box, write the first step Science is full of processes. A process chart
of a process, chain of events, or cycle. shows the steps that a process takes to get from
© Under the box, draw another box, and draw one point to another point. Timelines, chains
an arrow to connect the two boxes. In the of events, and cycles are examples of the kinds
second box, write the next step of the pro- of information that can be organized well in a
cess or the next event in the timeline. process chart. As you read, look for information

that is described in steps or in a sequence, and
draw a process chart that shows the progression
of the steps or sequence.

© Continue adding boxes until each step of
the process, chain of events, or cycle is writ-
ten in a box. For cycles only, draw an arrow
to connect the last box and the first box.

Ask a question, and make observations.

:

Form a hypothesis, and make predictions.

:

Test the hypothesis by doing controlled experiments.

:

Analyze the results, organize the data, and draw conclusions.

:

Communicate the results to others.

You Try It!

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own process chart as directed in the
Reading Strategy for Section y&l). Record your work in your Science Journal.

4 Chapter 1 The Nature of Physical Science



Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary

8.9.a Plan and conduct a scientific
investigation to test a hypothesis.

|
A\

conduct (kuhn DUHKT) to carry out; to
do

investigation (in ves tuh GAY shuhn) a
detailed search for answers

Organize and do a methodical experiment
to test a possible explanation for an
observation.

8.9.b Evaluate the accuracy and
reproducibility of data.

evaluate (ee VAL yoo A1) to judge the
worth of

accuracy (AK yur uh see) the quality or
state of being correct; free of error

Judge whether the information collected
during an experiment is correct and can be
repeated.

8.9.¢ Distinguish between variable
and controlled parameters in a test.

variable (VER ee uh buhl) a factor that
changes in an experiment in order to test
a hypothesis

parameter (puh RAM uht uhr) any
factor that sets the limit of a possible
value

Be able to identify which factors of an
experiment are being changed and which
factors are being kept the same.

Chapter Preview 5



TheNature | # <~
of Physical e L .
Science R

The Scientific progress is made

Big by asking meaningful
questions and conducting

ldea careful investigations.

California Standards

Investigation and Experimentation

8.9 Scientific progress is made by asking meaningful questions
and conducting careful investigations. (Sections 1, 2, and 3;
Science Skills Activity)

Math
6.1.2 Statistics, Data Analysis, and Probability

7.1.2 Number Sense Organile

7.1.2 Mathematical Reasoning

English-Language Arts .

8.2.g2 Reading she Pyramld

8.1.1 Writing Before you read this chapter, create the
FoldNote entitled “Pyramid.” Label each
side of the pyramid with the title of one
of the sections in the chapter. As you
read the chapter, add details from each

i section on the appropriate

About the Photo side of the pyramid.

Flippers work great to help penguins move Instructions for creating
through the water. But could flippers help FoldNotes are located in
ships, too? Two scientists have been trying to the St:;i; s:“tl:‘s s:d'on di
find out. By using scientific methods, they are B G
asking questions such as, “Would flippers use
less energy than propellers do?” As a result of
these investigations, ships may someday have
flippers like those of penguins!

6 Chapter 1
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Explore Activity

Making Observations and Testing Ideas

In this activity, you will make observations and
use them to solve a puzzle, just as scientists do.

Procedure
1. Get the five shapes shown here from your teacher.

2. Observe the drawing
at right. Predict how
the five shapes could
be arranged to make
the fish.

3. Test your idea.
You may have to
try several times.
(Hint: Shapes can
be turned over.)

Analysis

4.Did you solve the puzzle just by making observa-
tions? What observations helped the most?

5. How did testing your ideas help?

The Nature of Physical Science



What You Will Learn

® Methods of scientific investigation
include research, observation,
and experimentation.

® The work of scientists benefits society
in a number of different ways.

® Scientists work in all kinds of jobs.

Why It Matters

Asking questions about how things
work can help you find solutions
to everyday problems.

Vocabulary

* science

READING STRATEGY

Summarizing Read this section
silently. In pairs, take turns summarizing
the material. Stop to discuss ideas and
words that seem confusing.

science (SIE uhns) the knowledge
obtained by observing natural events
and conditions in order to discover
facts and formulate laws or principles
that can be verified or tested

What happens

to sugar when

it dissolves in
water?

Why can |
see a reflection
in a spoon?

Figure 1 Part of science
is asking questions about
the world around you.

8 Chapter 1

Science and Scientists

Key Concept Scientists benefit society in many
ways by asking questions and carefully investigating
to find the answers.

P> What is science? You may already be more of a scientist than
you think! To be a scientist, you start by observing the world
around you. Then you ask questions about your observations.
And that’s part of what science is all about.

Starting with a Question

The knowledge gained about the natural world by inves-
tigation is called science. Asking a question is often the first
step in the process of gathering knowledge. The world around
you is full of things that can lead you to ask questions, such
as those in Figure 1.

In Your Own Neighborhood

Take a look around your school and around your neigh-
borhood. Most of the time, you take things that you use or
see every day for granted. However, one day you might look
at something in a new way. That’s when a question hits youl!
The student in Figure 1 didn’t have to look very far to realize
that she had some questions to ask.

The World and Beyond

Do you think you might get tired
of asking questions about things
in your neighborhood? Then just
remember that the world is made
up of many different places. You
could ask questions about deserts,
forests, or sandy beaches. Many
different plants and animals live
in each of these places. And then
there are the rocks, soil, and flow-
ing water in these environments.

But Earth is not the only place
to look for questions. You can look
outward to the moon, the sun, and
the planets in our solar system.
And beyond that, you have the rest
of the universe! There seem to be
enough questions to keep scientists
busy for a long time.

What causes
high and low
tides?




Investigation: The Search for Answers

Once you ask a question, it’s time to find an answer.
Scientific progress is made by asking meaningful questions and
conducting careful investigations. There are several different
methods that you can use to start your investigation.

NNl fNe 199 What are two key steps needed to make scientific
progress? (m)8.9.2

Research

You can find answers to some of your questions by doing
research. You can look up information in books, on the Inter-
net, and in other sources. You can find information by reading
about an experiment that someone did. Be sure to think about
where the information you find comes from. You want to use
information only from reliable sources.

Observation

You can find answers to questions by making careful obser-
vations. For example, if you want to know if cloud type and
weather are associated, you could make daily observations. By
recording the types of clouds that you see each day and that
day’s weather, you may find associations between the two.

Experimentation

You can answer some of your ques-
tions by doing an experiment, as shown
in Figure 2. A well-planned experiment
will put a hypothesis, which is a trial
explanation, to the test.

Research, observation, and experi-
mentation all go together. Your research
might help you plan your experiment.
And you’ll need to make careful obser-
vations. What do you do if you can'’t
do the experiment yourself? For exam-
ple, what do you do if you want to
see how a rat runs through a maze
while in space? Don’t give up! Do more
research, and try to find the results
from someone else’s experiment!

Figure 2 This student is doing
an experiment to find out how her
reflection changes in different mirrors.

Investigation and Experimentation
8.9.a Plan and conduct a scientific investigation
to test a hypothesis.

Quick Lab

Asking a Question 8.9.a

1. Examine a ball that your
teacher gives you.

2. Think of a ques-
tion about the
properties of
the ball.

3. Propose a hypoth-
esis that answers
your question, and plan
an experiment that you
could carry out to test
the hypothesis.



Applying the Answers

Although people cannot use science to answer every ques-
tion, they do find some interesting answers. But do any of the
answers really matter? Absolutely! As you study science, you
will see how it affects you and everything around you.

Saving Lives

Using science, people have come up with several answers
to the question, How can people be protected during an auto-
mobile accident? One answer is to require people to wear seat
belts. Other answers include designing and building cars that
are made of stronger materials and that have air bags. Figure 3
shows how air bags are tested under scientific conditions. In
this way, science helps make cars safer.

Saving Resources

Science has also helped answer the question, How can
resources be made to last longer? Recycling is one answer.
Figure 3 The results of this test Science has helped people invent ways to recycle a variety
are used to improve air bags. of materials. For example, when a car becomes worn out or
is wrecked, its steel can be recycled and used to make new
products. And recycling steel saves more than just the steel, as
shown in Figure 4. Using science, people develop more-efficient
methods and better equipment for recycling steel, aluminum,
paper, glass, and even some plastics. In this way, science helps
make resources last longer.

7T -¥' 3 Resources Saved Through Recycling

H Compared with producing the steel originally,
nn recycling 1 metric ton (1.1 tons) of steel:

uses 60 kg uses

(132 Ib) 2,700,000 kcal

less limestone less energy
[

uses 1.25 metric produces
tons (1.38 tons) b 76 percent less

less ore ' water pollution

uses 0.70 metric produces
> tons (0.77 tons) 86 percent less
‘e less coal air pollution

10 Chapter 1 The Nature of Physical Science




Protecting the Environment

Science has helped answer the question, How can the ozone
layer be protected? Scientists have found that substances called
chlorofluorocarbons (kKLawr oh FLUR uh kaHR buhnz) (CFCs),
which can be found in aerosols (spray-can products), have
had a role in damaging the ozone layer. Also using science,
people have made other substances that can take the place of
CFCs. These substances do not harm the ozone layer.

Why does the loss of this layer matter? The ozone
that makes up this layer protects everything on the planet
from a harmful type of light called ultraviolet (UV) light.
Without the protection of the ozone layer, higher levels of UV
light would reach the ground. Higher rates of skin cancer could
result. By finding ways to reduce the use of these chemicals, we
can help protect the environment and make the world a
healthier place.

NNl NE 9 Give three examples of important questions that
scientists have asked. s.9.a

Scientists Everywhere

Believe it or not, scientists work in many dif-
ferent places. Any person who asks questions and
investigates how things work could be called a sci-
entist. Keep reading to learn about a few jobs that
use science.

Meteorologist

A meteorologist (MEE tee uhr AHL uh jist) is a
person who studies the atmosphere. One of the
most common careers that meteorologists have is
that of weather forecaster. But some meteorologists
specialize in—and even chase—tornadoes! These
meteorologists predict where a tornado is likely to
form. Then, they drive very near the site to gather
data, as shown in Figure 5. These data help meteo-
rologists and other scientists understand tornadoes
better. A better understanding of tornadoes helps
scientists more accurately predict the behavior of
these violent storms. The ability to make more-
accurate predictions allows scientists to give earlier
warnings of storms, which helps reduce injuries
and deaths caused by storms.

Figure 5 These meteorologists
are risking their lives to gather
data about tornadoes.

ScHoOL; to Hopye,

Nonscientific Topics

Although science can be used
to answer many questions
about the world around us,
there are some topics that
cannot be examined usefully
in a scientific way. With an
adult, discuss two or three
possible topics that may not
be explainable by science.

In your Science Journal, write
down some notes on what
you discuss.

AeTiViTy



Figure 6 This geochemist
takes rock samples from the
field. Then, she studies them
in her laboratory.

WIERNET ACTiViT)

Careers in
Physical Science

Would you like to be a physi-
cal scientist? Write an essay
on your investigation of an
interesting career. Go to
go.hrw.com, and type in

the keyword HY7WPSW.

Geochemist

Look at Figure 6. A geochemist (JEE oh KEM ist) is a person
who specializes in the chemistry of rocks, minerals, and soil.
Geochemists determine the economic value of these materials.
Many geochemists work for oil companies. They also try to
find out what the environment was like when these materials
formed and what has happened to the materials since they
first formed.

Ecologist

To understand the behavior of living things, you need to
know about their surroundings. An ecologist (ee KAHL uh jist) is
a person who studies a community of living things and their
nonliving environment. Ecologists work in many fields, such as
wildlife management, agriculture, forestry, and conservation.

Volcanologist

Imagine working right at the edge of a 1,000°C pool of
lava, as seen in Figure 7. That’s where you might work if you
were a volcanologist! A volcanologist (vaHL kuh NAHL uh jist) is
a scientist who studies volcanoes. Volcanologists must know
the structure and the chemistry of Earth and its rocks. They
must also understand how volcanic materials such as
lava interact with air and water. This knowledge helps
volcanologists learn how and why volcanoes erupt. If volca-

Figure 7 Volcanologists study
volcanoes. Many volcanologists
study volcanic patterns in order
to predict when a volcano nologists can predict when a volcano will erupt, they can help

will erupt. save lives.

12 Chapter 1 The Nature of Physical Science



Science lllustrator

You may be surprised to learn that there is a career
that uses both art and science skills. Science illustrators
draw scientific diagrams, such as the one in Figure 8. Good
science illustrators are needed in areas like biology
and medicine, where accurate and clear diagrams are
important.

Science illustrators often have a background in art and
a variety of sciences. However, some science illustrators
focus on one area of science. For example, some science
illustrators draw only medical diagrams. These diagrams are
used in medical textbooks or in brochures that patients
receive from their doctors.

Figure 8 A science illustrator drew
this diagram so that students can
learn about the digestive system

in birds.

Using Vocabulary L Math skills

© \vrite an original definition
for science.

Understanding Concepts

© Listing What are three methods
of investigation?

Review

© WMaking Calculations A slow
flow of lava is traveling at a rate
of 3 m per day. How far will the
lava have traveled at the end
of 30 days?

Challenge

© Identifying Bias Imagine

Summary,

e Scientific progress is made © Describing Describe three jobs

that use science.

by asking meaningful
questions and conducting
careful investigations.

® Three methods of investiga-
tion are research, observation,
and experimentation.

® Science affects people’s
daily lives. Science can help
save lives and resources
and can help improve the
environment.

® There are several types of
scientists and many jobs
that use science.

O summarizing Explain how
science can help people save
resources such as coal.

Critical Thinking

© Making Inferences The slogan
for a package delivery service is

“For the fastest shipping from
port to port, call Holt Speedy
Transport!” Describe how

science could help you figure
out whether this service really

ships packages faster than other

services do.

© Applying Concepts Your friend

wants to know the amount of
salt added to her favorite fast-
food French fries. What would

you recommend that she do to

find out the amount of salt?

someone says to you, “Nonscien-
tific questions aren’t meaningful
because they can’t be inves-
tigated carefully like scientific
questions can!” Why is this state-
ment false overall? Explain what
is true and what is false about
the claim this person makes.

Internet Resources
For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Scientific Investigations;
Scientists in California

SciLinks code: HY71358; HY7C11

B




What You Will Learn

® Scientific methods are based on
six steps, which may be followed
in different ways based on the kind
of question being asked.

® Scientific investigations begin with a
question and proceed by forming a
hypothesis and then testing it.

® Scientists use a variety of methods
to analyze and report their data.

Why It Matters

Scientific methods provide a
framework for conducting careful
investigations and understanding
the natural world.

Vocabulary

« scientific methods
» observation

* hypothesis

« data

READING STRATEGY

Graphic Organizer In your
Science Journal, create a Cause-
and-Effect Map that shows the steps
used in the scientific method.

Investigation and Experimentation

8.9.a Plan and conduct a scientific investigation
to test a hypothesis.

8.9.b Evaluate the accuracy and reproducibility of
data.

8.9.¢ Distinguish between variable and controlled
parameters in a test.

14 Chapter 1

Scientific Methods

Key Concept Scientists use scientific methods
to answer questions and to solve problems.

P Two scientists from the Massachusetts Institute of Technology
(MIT) thought that studying penguins was a great way to
improve ships! James Czarnowski (zahr NOW skeE) and Michael
Triantafyllou (tree AHN ti FEE loo) used scientific methods to
develop Proteus (PROH tee uhs), the penguin boat. Can you
imagine how and why they did that? In the next few pages, you
will learn how these scientists used scientific methods to answer
their questions. Scientific methods require knowledge and
creativity. And they are very useful in answering some difficult
questions.

What Are Scientific Methods?

Scientific methods are the ways in which scientists answer
questions and solve problems. As scientists look for answers,
they often use the same steps. But there is more than one way
to use the steps. Look at Figure 1. This figure is an outline of
the six steps on which scientific methods are based. Scientists
may use all of the steps or just some of the steps during an
investigation. They may even repeat some of the steps or do
the steps in a different order. How they choose to use the steps
depends on what works best to answer their question.

@TT2XD Steps of Scientific Methods

Ask a ‘
Question

Make

Form a
Hypothesis

Observations

Test the

Hypothesi ‘

Draw Conclusions

Do they support ]
your hypothesis? Communicate
— m R

The Nature of Physical Science
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Asking a Question

Asking a question helps focus the purpose of an
investigation. Scientists often ask a question after making many
observations. Observation is any use of the senses to gather
information. Noting that the sky is blue or that a cotton ball
feels soft is an observation. Measurements are observations that
are made with tools. Observations can be made (and should
be accurately recorded) at any point during an investigation.

MLl Ne 49 In science, what is the purpose of asking questions?
8.9.a

A Real-World Question

Czarnowski and Triantafyllou, shown in Figure 2, are engi-
neers—scientists who put scientific knowledge to practical use.
Czarnowski was a graduate student at the Massachusetts Insti-
tute of Technology. He and Triantafyllou, his professor, worked
together to observe boat propulsion (proh PUHL shuhn) systems.
Then, they investigated how to make these systems work better.
A propulsion system is what makes a boat move. Most boats
have propellers to move them through the water.

Czarnowski and Triantafyllou began their investigation by
studying the efficiency (e FISH uhn see) of boat propulsion
systems. Efficiency compares energy output (the energy used
to move the boat forward) with energy input (the energy
supplied by the boat’s engine). From their observations, Czar-
nowski and Triantafyllou learned that boat propellers are not
very efficient.

Section 2

Figure 2 James Czarnowski
(left) and Michael Triantafyllou
(right) made observations about
how boats work in order to
develop Proteus.

scientific methods (sie uhn TIF ik
METH uhdz) a series of steps
followed to solve problems

observation (aHB zuhr VAY shuhn)
the process of obtaining information
by using the senses

Scientific Methods 15



Figure 3 Penguins use their
flippers to “fly” underwater. As
they pull their flippers toward
their bodies, they push against
the water, which propels them
forward.

hypothesis (hie PAHTH uh sis) a
testable idea or explanation that
leads to scientific investigation
Wordwise The prefix hypo- means
“under.” The root thesis means
“proposition” Other examples are
hypodermic and hypoallergenic.

The Importance of Boat Efficiency

Most boats that have propellers are only about 70%
efficient. Boat efficiency is important because it saves many
resources. Making only a small fraction of U.S. boats and ships
just 10% more efficient would save millions of liters of fuel per
year. Based on their observations and all of this information,
Czarnowski and Triantafyllou were ready to ask a question:
How can boat propulsion systems be made more efficient?
This is a good example of a question that can start a scientific
investigation because it is a question that can be answered by
observation.

Forming a Hypothesis

Once you've asked your question and made observa-
tions, you are ready to form a hypothesis. A hypothesis is a
possible explanation or answer to a question. You can use
what you already know and what you have observed to form
a hypothesis.

A good hypothesis is testable. In other words, information
can be gathered or an experiment can be designed to test the
hypothesis. A hypothesis that is not testable isn’t necessarily
wrong. But there is no way to show whether the hypothesis
is right or wrong.

A Possible Answer from Nature

Czarnowski and Triantafyllou wanted to base their hypoth-
esis on an example from nature. Czarnowski had made
observations of penguins swimming. He observed how
quickly and easily the penguins moved through the water.
Figure 3 shows how penguins propel themselves. Czarnowski
also observed that penguins, like boats, have rigid bodies. These
observations led to a hypothesis: A propulsion system that
imitates the way that a penguin swims will be more efficient
than a propulsion system that uses propellers.

16 Chapter 1 The Nature of Physical Science



Making Predictions

Before scientists test a hypothesis, they often predict
what they think will happen when they test the hypothesis.
Scientists usually state predictions in an if-then statement. The
engineers at MIT might have made the following prediction:
If two flippers are attached to a boat, then the boat will be
more efficient than a boat powered by propellers.

Testing the Hypothesis

After you form a hypothesis, you must test it. You must
find out if it is a reasonable answer to your question. Testing
helps you find out if your hypothesis is pointing you in the
right direction or if it is way off the mark. If your hypothesis
is way off the mark, you may have to change it.

Controlled Experiments

A controlled experiment is a good way to test a hypothesis.
A controlled experiment compares the results from a control
group with the results from experimental groups. All factors
remain the same except for one. The factors that are kept the
same between the groups are called controlled parameters. These
factors are held constant. The one factor that changes between
the groups is called a variable parameter. The results will show
the effect of the variable parameter.

Czarnowski and Triantafyllou thought the best way to test
their hypothesis was to build a device to test. So, they built
Proteus, the penguin boat, shown in Figure 4. It had flippers like
a penguin so that the scientists could test their hypothesis.

NNl NE 149 What is the difference between the controlled and
the variable parameters in an experiment? (m)8.9.c

Mrotens
W v

Two car batteries
supply energy to
the motors that
drive Proteus's

flapping foils. A computer programs

the number of times
the foils flap per
second.

Figure 4 Proteus, a 3.4 m long
and 50 cm wide specially built
boat model, was used to test
the “flippers” hypothesis.

Proteus has two
flipperlike paddles,
called foils. Both foils
move out and then
in, as the flippers of
a penguin do.

As the foils flap, they push water
backward. The water pushes against
the foils to propel the boat forward.

Section 2  Scientific Methods 17



Figure 5 Proteus, the
“penguin boat,” was tested in
the Charles River in Boston.

Testing Proteus

Czarnowski and Triantafyllou took Proteus out into the open
water of the Charles River in Boston, shown in Figure 5, when
data (DAYT uh) any pieces of they were ready to collect data. Data are any pieces of informa-
information acquired through tion gotten through experimentation. For each test, data such
observation or experimentation as the flapping rate, the energy used by the motors, and the
speed achieved by the boat were carefully recorded. But the
only parameter the scientists changed was the flapping rate.
That way, they could tell what effect the flapping rate had
on Proteus’s efficiency. The efficiency was the ratio of output
energy to input energy. The input energy was determined by
how much energy was used. The output energy was determined
from the speed that Proteus reached.

Investigating a Pendulum’s Swing .

8.9.a
Have you ever thought about what makes a = 1 8.9.b
pendulum swing the way it does? In this lab, » Think About It! 8.9.c
you will plan and conduct an investigation 3. Predict the results as you change
to examine one factor and test whether the S e tIF_'_ )
factor affects th d of dulum. i . . - —
actor afiects the speed of a penduium 4. Test your hypothesis. For each trial, ¥
1 record the time it takes for the

» Tl'y It! pendulum to swing 10 times.
1. Make a pendulum by tying a piece of string 5. Identify the variable parameter and

to a ring stand. Hang a small weight the controlled parameters in your

from the string. experiment.
2. Form a testable hypothesis about one 6. Was your hypothesis

factor (such as the mass of the small supported? Analyze your results,

weight) that may affect how long it takes evaluating the accuracy and '

for the pendulum to swing 10 times. reproducibility of your data.
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Graphs of the Test Results

This line graph shows that Proteus was most This bar graph shows that Proteus is 17%
efficient when its foils were flapping about more efficient than a propeller-driven boat.

1.7 times per second.

A
g
£
=
N
=
18]
0.7 1.2 1.7 2.2 Prope"er-
Flaps per second driven boat

Analyzing the Results

After you collect your data, you must analyze them. Orga-
nizing data into tables and graphs makes relationships between
information easier to see. Analyzing and organizing data from
repeated tests can help you tell if your data were accurate. It
can also help you evaluate your data’s reproducibility. Data are
reproducible when you get similar data from many tests.

Analyzing Proteus

Czarnowski and Triantafyllou used the data for input energy
and output energy to calculate Proteus’s efficiency for different
flapping rates. These data are graphed in Figure 6. The scientists
compared Proteus’s highest level of efficiency with the average
efficiency of a propeller-driven boat. As you can see, the data
support the scientists’ hypothesis that penguin propulsion is
more efficient than propeller propulsion.

MLl Ne 199 What is a good way to evaluate the accuracy and
reproducibility of data? (8.9

Drawing Conclusions

At the end of an investigation, you must draw a conclusion.
You might conclude that your results support your hypoth-
esis. Or you could conclude that your results do not support
your hypothesis. If so, you could change the procedure, gather
more information, or ask new questions. Whether or not your
hypothesis was supported, the results are always important.

Section 2

70%

87%

Proteus

IAATiy BrACTice)
Effect of Additional Data

Flip a coin 3 times. Record
the results in your Science
Journal. Then, flip a coin 30
times and record the results.

1. What was the ratio of
heads to tails when you
flipped the coin 3 times?

2. What was the ratio of
heads to tails when you
flipped the coin 30 times?

3. Which of the two ratios is
closer to the actual statisti-
cal mean of heads to tails
in flipping a coin? What
does this tell you about
collecting statistical data?

Scientific Methods 19
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Figure 7 A penguin
propulsion system may
one day be used on large
ships. Would it work? The
research continues!

The Proteus Conclusion

Czarnowski and Triantafyllou found that the penguin
propulsion system was more efficient than a propeller
propulsion system. They concluded that their hypothesis was
supported.

The scientists were able to reach this conclusion because
of repeated tests of variable and controlled parameters. Valid—
that is, trustworthy—conclusions require that your data are
reproducible. In other words, you can demonstrate the same
relationship many times. This helps make sure the data of your
experiment were not accidental. Reaching a valid conclusion
usually leads to more questions that can be investigated, as
Figure 7 shows. In this way, the process of scientific progress
continues!

NNl Neld® Why is it important to establish the reproduc-
ibility of data? (m8.9.b

Communicating Results

One of the most important steps in any investigation is
communicating your results. You can write a scientific paper,
make a presentation, or create a Web site. Telling others what
you learned keeps science going. Other scientists can then
conduct their own tests based on your results.

Czarnowski and Triantafyllou published their results in
academic papers, science magazines, and newspapers. They also
displayed the results of their project on the Internet. Sharing
your results allows other scientists to continue your work or
to verify your results by doing their own experiments.

Chapter 1 The Nature of Physical Science
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SECTION
Review

Summary;

e Scientific methods are the ways in which
scientists answer questions and solve problems.

ﬁ 8.9.2, 8.9.b,
&) 8.9.¢

® Asking a question usually results from making
an observation. Questioning is often the first
step in using scientific methods.

® A hypothesis is a possible explanation or
answer to a question. A good hypothesis
is testable by an experiment.

e After performing an experiment, you should
analyze your results. Analyzing is usually done
by using calculations, tables, and graphs.

® After analyzing your results, you should draw
conclusions about whether your hypothesis
is supported.

® Communicating your results allows others to
check or continue your work. You can commu-
nicate through reports, posters, and the Internet.

Using Vocabulary

Correct each statement by replacing the
underlined term.

© Observations are the ways in which scientists
answer questions and solve problems.

© Hypotheses are pieces of information that are
gathered through experimentation.

© Data are possible explanations or answers to
a question.

Understanding Concepts

O Listing Name the steps that can be used in
scientific methods.

© Describing  After an experiment has been
done and data have been collected, what is the
next thing that should be done with the data?

© Analyzing If a scientist performed an
experiment only once, why would the
results not be valid?

INTERPRETING GRAPHICS Use the graph below
to answer the next two questions.

Efficiency of Proteus

A

Efficiency

0.7 1.2 1.7 2.2
Flaps per second

© Identifying At what number of flaps per
second is Proteus most efficient? least efficient?

© Analyzing At approximately what point does
the efficiency appear neither to increase nor
to decrease?

© Analyzing Ideas If a hypothesis that you
test is not supported by the results of your

experiment, was your investigation therefore
a failure? Explain.

@ Applying Concepts You want to test different
shapes of kites to see which shape results in
the strongest lift, or upward force, in the air.
List some factors that need to be the same for
each trial so that the only variable is the shape
of the kite.

Challenge

@ Analyzing Methods Imagine that you perform
an experiment repeatedly but you get different
results each time. Name three possible reasons
why the results do not match. For each reason
that you name, describe what you could do to
solve the problem.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Scientific Methods; Science
Museums in California

SciLinks code: HY71359; HY7C14
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What You Will Learn

® You can take responsibility for
your own safety in the laboratory.

® Following directions, taking safety
precautions, and following proper
cleanup procedures help keep
you safe.

@ [f an accident happens in the
laboratory, first make sure that
you are safe and then tell your
teacher about the accident.

Why It Matters

Following safe practices in scientific
investigations will protect you and
those around you.

Vocabulary
« first aid

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Process Chart about

safety in the lab.

Figure 1 When you work in a science
lab, your lab materials can include
chemicals, heat sources, animals, and
plants. All must be handled safely.

Safety in Science

Key Concept To conduct a careful investigation,
you must take care to keep yourself and others safe.

P Accidents can happen to anyone. But taking responsibility
for your safety by taking some simple safety precautions makes
accidents much less likely.

Keeping Yourself Safe

When you are working in a science lab, taking responsibil-
ity for your safety is very important. You should take every
precaution to prevent accidents. You must wear appropriate
safety equipment. And you should use all lab materials, such
as those shown in Figure 1, safely and correctly.

Avoiding Accidents

You can help avoid accidents by being aware of what is
going on around you. Pay attention, and follow directions.
Watch what you are doing. When you put materials on the lab
bench, be sure that they are placed securely and will not tip or
fall over. If you walk around the lab area, avoid bumping into
anyone and watch for anyone who might bump into you.

Reporting Accidents

No matter how careful we try to be, accidents sometimes
happen anyway. If you have an accident, no matter how minor
it may seem, you should let your teacher know about the
accident immediately.

. . 3 N




@TLYP Safety Symbols

OHS OO

Eye Clothing Hand Heating Electrical
protection protection safety safety safety

oS P

Chemical Animal Sharp Plant
safety safety objects safety

Elements of Safety

Safety precautions help prevent accidents at home, at
school, or at play. But working in a science lab sometimes
requires working with special materials and equipment. So,
you need to know what special precautions to take to ensure
your safety when you are in the science lab. In this section,
some of the special precautions that apply to working in the
lab will be discussed.

Understanding Safety Symbols

Scientists use symbols that quickly alert them to the par-
ticular dangers that they face when performing experiments
and doing activities in science. These symbols are shown in
Figure 2. You will see these symbols in experiments in this
book. Learn to recognize these symbols and to understand
what they mean. When you see one of these symbols, you
will know that specific precautions should be taken when you
do that lab or activity. Take those precautions!

Following Safety Symbols

Your teacher will explain in detail the meaning of each
safety symbol and the precautions that each symbol requires.
For example, imagine that you see the symbol for heating
safety. You know to clear your work area of flammable materials.
You should be careful with long sleeves and should tie back
long hair. If you see the symbol for animal safety, you should
follow your teacher’s instructions on how to handle small
animals properly. This includes wearing gloves and washing
your hands thoroughly afterward. Figure 3 shows the care that
you should use when handling animals in the laboratory.

Ml Ne 199 What role do safety symbols have in helping you
plan a scientific investigation? [m/8.9.a

For more safety
tips, read the

Safety First! sec-
tion at the front
of your book.

Investigation and Experimentation
8.9.a Plan and conduct a scientific investigation
to test a hypothesis.

Figure 3 The handling of
animals in the science laboratory
always requires special care so
that neither animals nor students
are injured.
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Quick Lab

Drawing a 8.9.
Safety Map

1. Get a pencil and
paper, and draw a
simple map of your
classroom.

2. On your map, iden-
tify the locations of
the fire extinguisher,
the emergency
shower or eyewash
station, and the door
to your classroom.

3. With different-
colored highlighting
pens, draw color-coded
paths from your worksta-
tion that show the shortest
route to each of the
locations you identified
in step 2.

Figure 4 You can keep your
lab area neat by removing
unnecessary objects, such as
books that you aren'’t using.
Personal neatness, including

tying back long hair, also
helps keep you safe.

Following Directions

The most common cause of accidents in the laboratory is
the failure to read and follow directions carefully. Be sure to
follow procedures exactly. The directions given by your teacher
have been carefully worked out to produce the best results in
the safest possible way. You should always read directions before
beginning a lab activity. Ask your teacher to explain anything
that you do not understand about the activity. And ask your
teacher to approve anything that you want to do differently
from what the directions say.

Be sure to gather all of the materials that you will need
before doing an experiment. Measure chemicals precisely. Never
use a greater amount of a chemical than your directions call
for. And always pay special attention to safety symbols.

Neatness

As Figure 4 shows, neatness is important when you work
in a science lab. Working in a cluttered area is both awkward
and unsafe. Before beginning any activity, be sure to clear your
work area of unnecessary objects, such as books, backpacks,
hats, and coats. Neatness is also important when you are doing
your experiment. Clean up any spills of solid chemicals or
liquids as soon as they happen. Keep flammable objects away
from Bunsen burners and other heat sources.

M L[ (M@ 199 What are some of the procedures that you should
follow to make your laboratory work area neat? ([ms.9.a
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Using Proper Safety Equipment

Being safe in the science laboratory requires using protective
safety equipment. Note how different pieces of safety equip-
ment are being used by the students in Figure 5. Even if you
think that you are going to do a short experiment, be sure to
use all of the safety equipment that you need.

Don't forget to wear safety goggles. And be sure to use
the type of safety goggles required by your school. Goggles
should fit snugly over your eyes. If your goggles are scratched
or cloudy or if they fit improperly, tell your teacher.

Not everything you encounter in the laboratory will harm
your skin, but you need to wear gloves if you are handling
plants, small animals, or chemicals. When handling warm
objects or when using a hot plate or an open flame, you may
need to use special heat-resistant gloves.

Cleaning Up

Cleaning up is an important part of a science activity. After
you finish a science experiment, return all materials and chemi-
cals to their original locations. The lids should be tight on all
containers of chemicals. Give any damaged glassware to your
teacher. Dispose of all wastes as directed by your teacher. Check
that all burners and hot plates are turned off. Finally, clean
your work area by wiping it with a damp paper towel, and
wash your hands thoroughly with soap and water.

Figure 5 Proper safety
equipment should be used in
a science laboratory. Why are
safety gloves being used in
the experiment shown in
this picture?

Section 3  Safety in Science
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Figure 6 Make sure that you
can locate and use the first-

aid supplies and special safety
equipment in your science lab.
Your teacher can help familiarize
you with these supplies and
equipment.

first aid (FUHRST AYD) emergency
medical care for someone who has
been hurt or who is sick

Responding to Accidents

Accidents can happen in the lab, even when safety pre-
cautions are taken. Always tell your teacher if an accident
happens.

Many labs have special emergency equipment, such as the
equipment shown in Figure 6, that should be used in the event
of an accident. Know where this equipment is located in your
lab. After an accident happens, your teacher may need you to
get emergency equipment. Learning to cope with accidents is
one way to take responsibility for your safety.

Proper Accident Procedures

The school lab is generally a very safe place to work. How-
ever, accidents that require immediate attention happen some-
times. If you see an accident happen, there are some procedures
that you should follow.

First, make sure that you are safe. If someone has slipped
on a spill, be careful not to slip yourself. If someone has been
cut by broken glass, don’t touch the glass.

Then, tell your teacher about the accident. Your teacher
will know what to do. Your teacher may send the injured
student to the school nurse or to a doctor. However, if an
injury requires immediate attention, your teacher may have to
perform first aid. First aid is emergency treatment for someone
who is hurt or sick. First aid is not complete medical treatment
for an injury. It is only temporary care to be given until more
complete medical care can be given. You should not perform
first aid unless you have received special training to do so.
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Procedures for Accidental Injuries

The procedures for treating an accidental injury depend on
the type of injury that happens. If someone gets a heat burn,
the burned area should be held in cold water for at least 15
minutes, as shown in Figure 7. If someone gets a chemical
burn, the chemical should be rinsed from the burned area.
The burned area should then be held under cold, running
water. Your classroom probably has an eye bath. If a chemical
gets into someone’s eyes, the eyes should be washed in an eye
bath for 15 minutes. Then, the eyes should be covered with
a clean cloth. If someone gets cut, the cut should be rinsed
gently. Then, slight pressure should be applied to the cut with
a clean paper towel.

SECTION
Review

© Write an original definition for
first aid.

Understanding Concepts

© Describing Explain how to
take responsibility for your
safety in the lab.

Summary,

® Appropriate safety precau-
tions must always be taken
when conducting scientific
investigations.

© summarizing Summarize
how safety symbols, following
directions, neatness, proper
cleanup procedures, and safety
equipment keep people safe
in the lab.

© Listing Describe three
procedures that you would
follow if an accident were to
happen in the science lab.

® Scientists use symbols to
alert them to particular
dangers that they face when
performing experiments
in science.

® Goggles, gloves, and aprons
are proper safety equipment
that should be used in a

) © Summarizing Explain the
science laboratory.

first-aid procedures that should
be followed for heat burns,
chemical burns, and cuts.

e If you suffer any injury during
an experiment, inform your

teacher immediately.
Y © Justifying  Why is it so important

to be prepared for an experiment
by taking the appropriate safety
precautions?

® Proper first-aid procedures
must be followed when an
accident occurs in the lab.

Figure 7 If you burn your hand
while in the lab, you should rinse
the area in cold water.

Using Vocabulary Critical Thinking

© Applying Concepts What safety
icons would you expect to see
on a lab that asks you to pour
acid into a beaker?

© Applying Concepts What safety
equipment would you use when
heating a test tube full of liquid
over a burner?

Challenge

© Making Comparisons You
already take safety precautions
in your everyday activities.
Give three examples of safety
precautions you take outside of
the laboratory. Tell how they are
similar to precautions that you
would take in the laboratory.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Safety in the Laboratory " Ly
SciLinks code: HY71341 <




Using Scientific Methods

Skills Practice [1£)

“
Measure accurately different

volumes of liquids with a
graduated cylinder.

Transfer exact amounts of
liquids from a graduated
cylinder to a test tube.

| MATERIALS J

o beakers, filled with colored
liquid (3)

e funnel, small

e graduated cylinder, 10 mL

e marker

« tape, masking

o test-tube rack

o test tubes, large (6)

SAFETY

6O

Investigation and Experimentation

8.9.a Plan and conduct a scientific investigation
to test a hypothesis.

8.9.b Evaluate the accuracy and reproducibility
of data.

28 Chapter 1

Measuring Liquid Volume

In this lab, you will use a graduated cylinder to measure and
transfer precise amounts of liquids. Remember that to accu-
rately measure liquids in a graduated cylinder, you should first
place the graduated cylinder flat on the lab table. Then, at
eye level, read the volume of the liquid at the bottom of the
meniscus, which is the curved surface of the liquid.

Ask a Question

° Will each mixture of colored liquids produce the same new
color each time that mixture is made?

Form a Hypothesis

@ \vrite a hypothesis that is a possible answer to the question
above. Explain your reasoning.

Test the Hypothesis

o Using the masking tape and marker, label the test tubes “A,”
“B,” “C,” "D,” “E,” and “F" Place them in the test-tube rack.

o Make a data table as shown on the next page.

O Using the graduated cylinder and the funnel, pour 14 mL of
the red liquid into test tube A. (To do this, first measure out
10 mL of the liquid in the graduated cylinder, and pour it into
the test tube. Then, measure an additional 4 mL of liquid in
the graduated cylinder, and add this liquid to the test tube.)

O Use the graduated cylinder and funnel in steps 7-11 to
transfer liquids. Rinse them out after you transfer each liquid.




Test tube Initial color

Initial volume

Final color Final volume

m m O 0O W

o Measure 13 mL of the yellow liquid, and pour
it into test tube C.

© Measure 13 mL of the blue liquid, and pour it
into test tube E. Record the initial color and the
volume of the liquid in each test tube.

© Transfer 4 mL of liquid from test tube C into
test tube D. Transfer 7 mL of liquid from test
tube E into test tube D.

@ Measure 4 mL of blue liquid out of the beaker,
and pour it into test tube F. Measure 7 mL of
red liquid from the beaker, and pour it into
test tube F.

(@ Transfer 8 mL of liquid from test tube A into
test tube B. Transfer 3 mL of liquid from test
tube Cinto test tube B.

Analyze the Results

(@ Analyzing Data Record your final color
observations in your data table.

(® Examining Data What is the final volume of
all of the liquids? Use the graduated cylinder to
measure the volume of liquid in each test tube.
Record the volumes in your data table.

(@ Organizing Data Record your final color
observations and final volumes in a table of
class data prepared by your teacher.

Draw Conclusions

(@ Interpreting Information Did all of your
classmates report the same colors? Does this
result support the hypothesis you made in
step 2? Explain.

(D Evaluating Methods Why should you not fill
the graduated cylinder to the top?

Big Idea Question

(@ Evaluating Methods How do the results of
your class demonstrate the importance of
conducting careful investigations so as to
get valid results?

Chapter Lab 29



Science Skills Activity

Data

Analysis Siaphs

Scientific
Methods

Testing a Hypothesis
P> Tutorial

Calculation

Investigation and
& Experimentation
8.9.a Plan and conduct a scientific investigation

to test a hypothesis.

Scientific progress is made by asking meaningful
questions and conducting careful investigations.
The first step in this process is asking a question.
Asking a question leads directly to the next step,
which is proposing an answer, or a hypothesis,
that you can test. Then, you are ready to plan and
conduct a scientific investigation.

@ Ask a question that you would like to answer
through scientific investigation.

© Propose a hypothesis, or an answer to your
question, that you will be able to test.

© Plan an experiment that will test your
hypothesis. Include the materials that you
will need, the procedure that you will use,
and the safety precautions that you should
follow. When planning an experiment, it is
important to think about factors such as
controls and reproducibility. This will allow
you to get valid results.

© If your teacher approves your plan, conduct
your experiment. Analyze your data and
communicate your findings in writing.

P> You Try It!

Question: What brand of paper towel
absorbs the most water?

Question: wWhat brand of peper towel
absorbs the most water?
Hypothesis: “Sop-Lt-Up” brand

Materials:

Procedure, with controls and
number of trials:

Safety:

Data:
Conclusion:

Procedure

Ask a question that can be answered by scientific
methods, as described in the Tutorial. Propose a
hypothesis, and plan an experiment to test it.

Analysis

@ Evaluating Hypotheses What was the
hypothesis that you planned to test?
How does your hypothesis show that your
question is one that can be answered by
scientific methods?

30 Chapter 1

© Evaluating Assumptions \What assumptions
did you make in planning your experiment?
How did those assumptions guide the design
of your experiment?

© Evaluating Methods What controlled
parameters did you plan for in your procedure?
Explain how these controlled parameters help
you answer your question.

The Nature of Physical Science
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The Big Idea

go.hrw.com

SUPER SUMMARY

KEYWORD: HY7WPSS

Scientific progress is made by asking meaningful
questions and conducting careful investigations.

Csection W Vocabulary _

&) Science and Scientists

Key Concept Scientists benefit
society in many ways by asking
questions and carefully investigating
to find the answers.

@ Methods of scientific investigation include
research, observation, and experimentation.

® The work of scientists benefits society in a
number of different ways.

® Scientists work in all kinds of jobs. Experimentation can

help answer questions

about how things work.

&) Scientific Methods

Key Concept Scientists use
scientific methods to answer
questions and to solve problems.

® Scientific methods are based on six steps,
which may be followed in different ways
based on the kind of question being asked.

® Scientific investigations begin with a question
and proceed by forming a hypothesis and
then testing it.

® Scientists use a variety of methods to
analyze and report their data.

&) Safety in Science

Key Concept To conduct a careful
investigation, you must take care to
keep yourself and others safe.

@

Eye

® You can take responsibility for your own
safety in the laboratory.

o

@ Following directions, taking safety Heating
precautions, and following proper cleanup safety
procedures help keep you safe.

@ [f an accident happens in the laboratory, @
first make sure that you are safe and then )

. Animal
tell your teacher about the accident.
safety

Two scientists got an idea about
boat propulsion after noticing how
penguins swim. Then they tested it!

protection protection

science p. 8

scientific

methods p. 14
observation p. 15
hypothesis p. 16
data p. 18

first aid p. 26

6 <

Clothing Hand
safety

Electrical ~ Chemical
safety safety
Sharp Plant
objects safety
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31



Pyramid Review the FoldNote
that you created at the beginning
of the chapter. Add to or correct
the FoldNote based on what you
have learned.

Using Vocabulary

© Academic Vocabulary Which of the
following words means “the degree to which
a measurement is precise and reliable”?
a. variable
b. accuracy
C. parameter
d. constant

For each pair of terms, explain how the meanings
of the terms differ.

© science and scientific methods

© observation and data

Understanding Concepts

Multiple Choice

© The statement “Sheila has a stain on her
shirt” is an example of a(n)
a. question.
b. hypothesis.
¢. observation.
d. prediction.

© A hypothesis is a(n)
a. question.
b. piece of information acquired by experi-
mentation.
¢. possible answer to a question.
d. observation.

© A variable parameter
a. does not affect the result.
b. is the factor that changes in an experiment.
¢. cannot change.
d. is rarely included in experiments.

32 Chapter 1

8.9.a, 8.9.b,

© Organizing data into a graph is an example of
a. collecting data.
b. forming a hypothesis.
¢. asking a question.
d. analyzing data.

© In a scientific investigation, the purpose of an
experiment is to
a. test a hypothesis.
b. communicate results.
¢. ask a meaningful question.
d. organize data.

Short Answer

© Describing Explain how variable and
controlled parameters are used in scientific
experiments.

@ Summarizing What does it mean for data to
be reproducible? How would you conduct an
experiment in such a way as to get data that
are reproducible?

@ Evaluating If a hypothesis is not testable,
is the hypothesis therefore wrong? Explain.

INTERPRETING GRAPHICS Use the safety sym-
bols below to answer the next three questions.

a. % b. 6
C % d. s
@ Identifying Explain in your own words what
each of the safety symbols above means.

@® Applying If you were doing a laboratory
experiment in which you needed to use
chemicals that would cause burns if you
spilled them on your skin, which symbol(s)
would you expect to see in the instructions for
the experiment?

@ Comparing Which symbol(s) represent(s)
the use of safety equipment to be used for an
experiment?

The Nature of Physical Science



INTERPRETING GRAPHICS Use the diagram
below to answer the next two questions.

@ Communicating Concepts \Write a clear
and coherent essay in which you describe
the different ways in which science benefits
society. Give examples from the text that
support your conclusion.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: science, scientific

methods, hypothesis, observa-
tions, and data. O O

@ Analyzing Methods Imagine that during a
scientific investigation, you perform the same
experiment several times but you get different
results each time. What might cause your
results to be different each time? How might
you change your experiment so that it will
have reproducible results?

@ Analyzing Ideas Imagine that you are
conducting an experiment. You are testing the
effects of the height of a ramp on the speed
at which a toy car goes down the ramp. What
is the variable parameter in this experiment?
What parameters must be controlled?

(2]

Evaluating Hypotheses You build a model
boat that you predict will float. However, your
tests show that the boat sinks. What would be
a reasonable next step in your investigation?

(2]

Evaluating Sources Suppose that you are
doing research on a scientific topic. You decide
to use the World Wide Web to find informa-
tion. You find a page that does not seem to be
associated with any research institution and
does not cite any sources for its information.
Should you use this information? Explain.

Aska @
Question

Make

Observations

Draw Conclusions

Do they support
your hypothesis?
|

Communicate
Results :

@ Analyzing Methods What are two different

steps you can take after forming a hypothesis?
Describe the circumstances in which you might
take each step.

@ Analyzing Methods What step should you

always take before drawing a conclusion?
Explain why this step is so important.

@ Solving Problems Suppose that you read

the following results from a scientific investiga-
tion. Object 1: mass = 12 g, volume = 3 cm®,
density = 4 g/cm®. Object 2: mass = 9 g,
volume = 3 cm?, density = 3 g/cm”.

Object 3: mass = 12 g, volume = 2 cm’,
density = 6 g/cm®. Based on these findings,
what is the general formula for density?

Challenge

@ Evaluating Assumptions Suppose that a

classmate says, “I don’t need to study science
because I'm not going to be a scientist, and
scientists are the only people who use
science” How would you respond? In your
answer, give several examples of ways in
which people who are not scientists may use
physical science. (Hint: Think about the
definition of science given in this chapter.)
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words is closest in
meaning to the word concept?

A plan
B question
C idea
D

solution

o Which of the following is the plural form
of the word hypothesis?

A hypothesis
B hypothesises
C hypotheses
D hypothesa

o Which of the following words best
completes this sentence: “Scientists
must always be certain of the of
their data.”?

A accurate
B accuracy
C accurately
D

accurateness

o Which of the following words means
“a factor that changes in an experiment
in order to test a hypothesis™?

A variable
B control
C data

D prediction

e In the sentence “Scientists include both
constant and changing parameters in
their experiments,” what does the word
parameter mean?

A limit or boundary

value used to define something

B
C environment or surroundings
D

procedure in an investigation

34 Chapter 1 The Nature of Physical Science

m 6.7.b, 7.7.c, 8.9, 8.9.a,
R 59.b, 8.9.c

REVIEWING CONCEPTS

0 Which of the following steps might come
first in a scientific investigation?

A applying results
B making careful observations
C forming a hypothesis

D conducting an experiment

Boiling Point Versus Pressure

300
o
~ 250
=
£ 200
1]
c
= 150 T~
-]

0 1 2 3 4
Pressure (atm)

o The above graph shows data from
an experiment on a liquid. Which
of the following questions might
have led a scientist to conduct this
experiment?

A How does the boiling point of this liquid
compare to that of other liquids?

B Why does a liquid’s boiling point
decrease as pressure increases?

C How does the pressure applied to a
liquid affect its temperature?

D How does the boiling point of this liquid
change as pressure increases?

0 What is the first step you should take if
someone is cut with broken glass during
an experiment?

A Apply first aid.
B Clean up the glass.
C Complete the experiment.

D Make sure you are safe.



o Which of the following might be a part of
a successful scientific investigation?

A conducting an experiment that does not
produce reproducible results

B asking a question that cannot be
answered by science

C drawing conclusions that are not based
on the results

D producing results that do not support a
hypothesis

A scientist wants to test the ability of
different detergents to clean a shirt.
Which of the following variables and
controls will the scientist use in the
experiment?

A The detergents and type of washing
machines are variables, while the shirt
material is controlled.

B The shirt material and type of washing
machines are variables, while the
detergent is controlled.

C The type of washing machine is variable,
while the shirt material and detergent
is controlled.

D The detergent is variable, while the type
of washing machine and shirt material
are controlled.

Which of the following should be

avoided in the area where an experiment

is taking place?

A tying long hair back in a ponytail

B keeping information from previous
experiments on the work area

C wearing safety goggles that fit snugly
over one’s eyes

D wearing heat-resistant gloves if an open
flame is used

REVIEWING PRIOR LEARNING

@ What tools might a scientist use for an
experiment about the mass of objects?
A graduated cylinder
B thermometer
C balance

D meterstick

@ What observations might people have
used long ago to disprove the theory
that the sun and planets revolve
around Earth?

A Other planets appear to revolve around

the sun.

B The sun appears to rise in the morning

and set at night.

C Earth is the most important place in the

universe.

D The sun provides energy to Earth.

Food Eaten by Rabbits Over 8 Hours

Time Carrots eaten | Food pellets eaten
10 Am. 20 g 25¢g
12 P, 10¢g 12¢g
2 P 5¢g 78
4 p.m. 3g 1g
6 pP.M. 21 g 20 g

m An experiment was conducted in which
a group of rabbits were fed carrots
and food pellets every two hours. The
results of this experiment are shown in
the table above. Which of the following
conclusions might a scientist draw from
these observations?

A Rabbits prefer food pellets to carrots.

B Rabbits eat mostly in the morning and
evening.

C Rabbits eat a wide range of foods.
D Rabbits will not eat at 3 p.m.

Standards Assessment 35
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in Action
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Science Fiction

“Inspiration” by Ben Bova

What if you were able to leap back and
forth through time? Novelist H. G. Wells
imagined such a possibility in his 1895
novelette The Time Machine. Most physicists
said that time travel was against all the laws
of physics. But what if Albert Einstein, then
16 and not a very good student, had met
Wells and had an inspiration? Ben Bova’s
story “Inspiration” describes such a possi-
bility. Young Einstein meets Wells and the
great physicist of the time, Lord Kelvin. But
was the meeting just a lucky coincidence
or something else entirely? Escape to the
Holt Anthology of Science Fiction, and read
“Inspiration.”

Social Studies Bf—‘l'i_yﬂ'y

Research the life of Albert Einstein from
high school through college. Make a poster
that describes some of his experiences dur-
ing this time. Be sure to include information
about how he matured as a student.
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Science, Technology
and Society

Racing with the Sun

The California Energy Commission has
set some goals in exploring many differ-
ent sources of energy. One of those sources
is solar energy, a clean alternative to fossil
fuels that pollute the atmosphere and that
may contribute to global warming. One way
that students in California can learn about
solar energy is by participating in the Junior
Solar Sprint, a competition run by the U.S.
Department of Energy. Competitors build
their own solar-powered model cars and
race them. Over 100,000 students participate
every year in this nationwide event.

\ v A ) 6 )

wath ACTiViTy
A group of solar-powered model cars
participate in a race that is 250 m long.
The fastest car finishes the race in 2 min.
What was the winning car’s average speed,
in meters per second? Write your answer in
your Science Journal.




Careers
Julie Williams-Byrd

Electronics Engineer Julie Williams-Byrd uses her knowledge of physics to develop bet-
ter lasers. She started working with lasers when she was a graduate student at Hampton
University in Virginia. Today, Williams-Byrd works as an electronics engineer in the Laser
Systems Branch (LSB) of NASA. She designs and builds lasers that are used to study wind
and ozone in the atmosphere. Williams-Byrd uses scientific models to predict the nature
of different aspects of laser design. For example, laser models are used to predict output
energy, wavelength, and efficiency of the laser system.

Her most challenging project has been building a laser transmitter that will be
used to measure winds in the atmosphere. This system, called Lidar, is very much like
radar except that it uses light waves instead of sound waves to bounce off objects.
Although Williams-Byrd works with high-tech lasers, she points out that lasers are a part
of daily life for many people. For example, lasers are
used in scanners at many retail stores. Ophthalmol-
ogists use lasers to correct vision problems. Some metal
workers use them to cut metal. And lasers are even
used to create spectacular light shows!

Language Arts Bf—'li!ily

Research lasers and the ways that they can
be used in everyday life. Then, write a one-
page essay in your Science Journal on how
lasers have made life easier for people.

Internet Resources

J w © To learn more about © To learn more about ® Check out articles
i careers in science, visit ~ these Science in Action related to this chapter
i K _J,f é www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.

enter the SciLinks and type in the Just type in the
code HY70225. keyword HY7WPSF. keyword HY7WPSC.
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2 Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called combination notes. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make Combination Notes When to Use Combination Notes

@ Draw a table like the one shown below. Combination notes let you express scientific
Draw the columns to be as long as you information in words and pictures at the
want them to be. same time. Use combination notes to express

© Write the topic of your notes in the section information that a picture could help explain.
at the top of the table. The picture could be a diagram, a sketch, or

another useful visual representation of the

© In the left column, write important phrases o S
written information in your notes.

or sentences about the topic. In the right
column, draw diagrams or pictures that
illustrate the information in the left column.

Data in Science

Models:

Models such as the ones below help
explain how the idea of an atom's
structure has changed over time.

Data that are collected in various ways,
including by using tools of measurement
or technology, can also be displayed and
analyzed in various ways:

* Models Physical, conceptual, and
mathematical models can be used
to help people understand objects,
systems, or concepts that are not
easily understood in other ways.

* Tables Data tables, made of rows
and columns, are useful ways to Tables:
organize information during an M
experiment.

* Graphs Line graphs help scientists
identify patterns in data. <—Row

1897 model Current model

Colulmn Graphs:

You Try It!

This Reading Strategy can also be used within the chapter that you
are about to read. Practice making your own combination notes as
directed in the Reading Strategy for Section §gli. Record your work in
your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary

8.9.d Recognize the slope of

the linear graph as the constant in the
relationship y = kx and apply this principle
in interpreting graphs constructed from
data.

AR

constant (KAHN stuhnt) a quantity
whose value does not change

principle (PRIN suh puhl) basic law,
rule, or belief

interpret (in TUHR pruht) to figure out
the meaning of

construct (kuhn STRUHKT) to build;
to make from parts

Be able to tell that the rise over run of
the line in a graph is the factor that stays
the same in the equation y = kx. Use this
understanding to figure out what graphs
based on data mean.

8.9.e Construct appropriate
graphs from data and develop quantitative
statements about the relationships between
variables.

appropriate (uh PROH pree it) correct
for the use; proper

variable (VER ee uh buhl) a factor that
changes in an experiment in order to test
a hypothesis

Make the correct type of graph to show
your facts and figures. Then, write a
statement that explains how one variable
changes relative to the other variable.

8.9.f Apply simple mathematical
relationships to determine a missing
quantity in a mathematic expression, given
the two remaining terms (including

speed = distance/time, density = mass/
volume, force = pressure X area,
volume = area X height).

area (ER ee uh) a measure of the size of
a surface or a region

Use simple mathematical equations to
find a missing value in a mathematical
equation when given the other two values.
You should be able to solve problems by
using the following equations: speed =
distance + time, density = mass
volume, force = pressure X area, and
volume = area X height.

8.9.g Distinguish between linear and
nonlinear relationships on a graph of data.

Be able to use graphs to tell the difference
between variables that have a simple
mathematical relationship and variables
that have more-complex relationships.

The following list identifies other standards that are covered in this chapter and indicates where
you can go to see them unpacked: 8.9.b (Chapter 1) and 8.9.c (Chapter 1).
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J
Data in
Science

The Scientists use tools to
Blg collect, organize, and

d analyze data while
I ed conducting investigations.

California Standards

Investigation and Experimentation
8.9 Scientific progress is made by asking meaningful questions
and conducting careful investigations. (Sections 1, 2, and 3;
Science Skills Activity)

Math

6.1.1 Statistics, Data Analysis, and Probability
7.4.2 Algebra and Functions
English-Language Arts

8.2.2 Reading

8.2.6 Writing

About the Photo’

How would you investigate the possible
effects of a meteor hitting Earth? This scientist
is studying impact craters using the Light Gas
Gun Chamber located in the NASA Ames Re-
search Center in Mountain View, California. To
collect data, the scientist shoots an aluminum
pellet at 1.8 km/s to hit a sand target covered
with red paint, forming an impact crater.

40 Chapter 2

Organize

Tri-Fold

Before you read this chapter, create the
FoldNote entitled “Tri-Fold.” Write what
you know about organizing and analyzing
data in the column labeled “Know! Then,
write what you want to know about
organizing and analyzing data in the
column labeled “Want" As you read

the chapter, write what you

learn about organizing and

analyzing data in the
column labeled “Learn.

Instructions for creating
FoldNotes are located in
the Study Skills section

on p. 520 of the Appendix.



Explore Activity @ 20 min -~

Creating a Scientific Plan Analysis 89.a

. . . . . N L 8.9.
In this activity, you will use observations to form 5. How did your initial observations influence ¢

a question or hypothesis. Then, you will develop the question that you developed?

a plan for testing your hypothesis. 6. Would a graph of your data help you draw a

Procedure conclusion more easily? Explain your reasoning.

1. Get a picture or drawing from your teacher. 7. Why is it important
for scientists to have

a plan for answering
a scientific question

e . before they begin
. Plan a scientific investigation to answer the their work?

question or hypothesis. Decide which factors you
want to test (variables, such as brand or usage)
and which factors you need to keep the same.

2. Make a list of observations about the picture
or drawing. From your list, develop a question
or hypothesis that you could investigate.

4. Describe the data you would gather and the tools
you would need during your investigation.



What You Will Learn

® Tools are used to make accurate
measurements while collecting data.

® The International System of Units
(SI) is a system of measurement
used by most scientists.

® A model uses familiar things to
describe unfamiliar things. Physical,
conceptual, and mathematical mod-
els are commonly used in science.

® Models help scientific progress
through their use in theories and
laws.

Why It Matters
Understanding how scientists use tools
and models can help you use them
better in your own investigations.

Vocabulary

* mass * model
* volume * theory
* density * law

* temperature

READING STRATEGY

Summarizing Read this section
silently. In pairs, take turns summariz-
ing the material. Stop to discuss ideas
and words that seem confusing.

Investigation and Experimentation

8.9.b Evaluate the accuracy and reproducibility
of data.

8.9.f Apply simple mathematical relationships

to determine a missing quantity in a mathematic
expression, given the two remaining terms
(including speed = distance/time,

density = mass/volume, force = pressure X area,
volume = area x height).

42 Chapter 2

Tools and Models in Science

Key Concept Scientists use tools and models to
increase their ability to investigate the natural world.

P To dig a hole, you need the correct tools. A tool is anything
that helps you do a task. Scientists use many different tools to
help them in their experiments.

Tools in Science

One way to collect data is to take measurements. To get
the most accurate measurements, you must use the proper
tools to gather data. For example, you can use a meterstick to
measure length. You can use a thermometer to observe changes
in temperature. Two other tools and their uses are shown in
Figure 1.

After you collect data, you need to evaluate and analyze
the data. Calculators are handy tools to help you do calcula-
tions quickly. Or you might show your data in a graph or a
figure. A computer that has the correct software can help you
display your data. A pencil and graph paper are also tools you
can use to display your data.

NNl Ned® Why is it important to use the proper tools for
gathering data? (m8.9.b

Making Measurements

Many years ago, different countries used different systems
of measurement. In England, the standard for an inch used to
be three grains of barley placed end to end. Other units were
originally based on parts of the body, such as the foot.

()

=

—NO i g -

—
s,

You can use a
spring scale to
measure force.

You can use a
stopwatch to
measure time.

Data in Science



[ Table 1 LTI RIS

centimeter (cm)

SI Units Conversions
Length meter (m)
s kilometer (km) km = 1,000 m
N‘.,;u:;";‘:'__'_.“"" decimeter (dm) dm = 0.1 m

cm = 0.01 m

millimeter (mm)

mm= 0.001 m

micrometer (um)

pm = 0.00000T m

nanometer (nm)

— ot | | | | —

nm = 0.000000001 m

Volume

cubic meter (m?)

cubic centimeter (cm?)

1 cm® = 0.000001 m?

liter (L)

1L=1dm?=0.001 m®

milliliter (mL)

1mL=0.001L=1cm?

——
Mass : ' ‘.---J »

kilogram (kg)

gram (g) 1 g = 0.001 kg
25 milligram (mg) 1 mg = 0.000001 kg
Temperature* ;?é kelvin (K) 0°C = 273 K
) 100°C = 373 K

*The Celsius (°C) scale is a commonly used non-SI temperature scale.

The International System of Units

In the late 1700s, the French Academy of Sciences set out
to make a simple and reliable measurement system. Over the
next 200 years, the metric system was formed. This system
is now the International System of Units (SI). Because all SI
units are expressed in multiples of 10, changing from one unit
to another is easy. Prefixes are used to express SI units that
are larger or smaller than basic units such as a meter and a
gram. For example, kilo- means 1,000 times, and milli- indicates
1/1,000 times. Table 1 shows common SI units.

Length

To describe the length of a large classroom, a scientist
would use meters (m). A meter is the basic SI unit of length.
Other SI units of length are larger or smaller than the meter
by multiples of 10. For example, if you divide 1 m into
1,000 parts, each part equals 1 millimeter (mm). So, 1 mm is
one-thousandth of a meter.

Mass

Mass is the amount of matter in an object. The kilogram (kg)
is the basic SI unit for mass. The kilogram is used to describe
the mass of large objects, such as a suitcase. One kilogram
equals 1,000 g. So, the gram is more often used to describe
the mass of small objects. Masses of very large objects, such as
cars or airplanes, are often expressed in metric tons. A metric
ton equals 1,000 kg.

Section 1

mass (MAS) a measure of the
amount of matter in an object

Tools and Models in Science
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Quick Lab

Accuracy of Measurements

1. Pick an object to use as a unit of measure.
You can pick a pencil, your hand, a chalk-
board eraser, or anything else.

2. Measure the width of your desk using your
chosen unit. Record your answer.

3. Choose a partner in class, and measure
each other’s desks using your chosen unit

of measure. Record your answers, and com-

pare your measurements.

4. Use a meterstick to determine the exact
length of your chosen unit of measure.

Make a conversion factor using your results.

For example, 1 pencil equals 18 cm.

5. Measure your desk with a meterstick, and
record your answer.

6. Using your conversion factor, compare the
measurements made using your chosen
unit of measure to the measurements made
using the meterstick. How accurate were the
measurements made with your chosen unit
of measure?

7. Were your partner's measurements more
accurate than your measurements? Why is
it important to use the proper tools to get
accurate measurements?

volume (VAHL yoom) a measure
of the size of an object or region in
three-dimensional space

density (DEN suh tee) the ratio of
the mass of a substance to the vol-
ume of the substance

temperature (TEM puhr chuhr) a
measure of how hot (or cold) some-
thing is; specifically, a measure of the
average kinetic energy of the par-
ticles in an object

model (MAHD'l) a pattern, plan, rep-
resentation, or description designed
to show the structure or workings of
an object, system, or concept

44 Chapter 2

Volume

Imagine that you need to move some lenses to a laser labora-
tory. How many lenses will fit into a crate? The answer depends
on the volume of the crate and the volume of each lens.
Volume is the amount of space that something occupies.

Liquid volume is expressed in liters (L). Liters are based
on the meter. A cubic meter (1 m3) is equal to 1,000 L. So,
1,000 L will fit perfectly into a box that is 1 m on each side.
A milliliter (mL) will fit perfectly into a box that is 1 cm on
each side. So, 1 mL = 1 cm’. Graduated cylinders are used to
measure the volume of liquids. The volume of solid objects is
usually expressed in cubic meters (m?). The volume of smaller
objects can be expressed in cubic centimeters (cm®). To find the
volume of a crate—or any other rectangular shape—multiply
the length by the width by the height.

Density

If you measure the mass and the volume of an object, you
have the information you need to find the density of the object.
Density is the amount of matter in a given volume. You cannot
measure density directly. But after you measure the mass and
the volume, you can calculate density by dividing the mass
by the volume, as shown in the following equation:

_m
D=v

MLl Ne 199 What is the density of an object if its mass is
15 g and its volume is 3 cm®? (m)8.9.f

Data in Science



Temperature

The temperature of a substance is a measure-
ment of how hot (or cold) the substance is. Degrees
Fahrenheit (°F) and degrees Celsius (°C) are used to
describe temperature. However, the kelvin (K), the SI
unit for temperature, is also used. Notice that the
degree sign (°) is not used with the Kelvin scale. The
thermometer in Figure 2 shows how the Celsius and
Fahrenheit scales compare.

Models in Science

A model is a representation of an object or system.
A model uses something familiar to help you under-
stand something that is not familiar. For example,
models of individual systems in the human body,
such as the nervous system, can help you understand
how the body works. Models can also be used to
explain the past or to predict future events. There
are three common kinds of scientific models. They
are physical, conceptual (kuhn SEP choo uhl), and
mathematical models. However, models have limi-
tations because they are never exactly like the real
thing.

Physical Models

Model airplanes, dolls, and drawings are exam-
ples of physical models. Other kinds of physical
models can help you understand certain concepts.
For example, look at the model space shuttle and
the real space shuttle in Figure 3. Launching a model
like the one on the right can help you understand
how a real space shuttle blasts off into space.

°F °C
212°F (= 110 100°C
220
Water e~ '2'03'3' 196 - -~ Water
boils 90 boils
180 a 80
o 160 - z 70 .
98.6°F 140 3 E o 37°C
Normal E 50 Normal
body 120 3 E body
_ 100 40 _
tempera- ==---UW-Se -z 2 == - tempera
30
ture 80 ture
20
: 60 == 1o o
32°F 4 0°C
Water ~~°°7° - ==0-=- \ater
freezes 20 -10 freezes
0 -20

Figure 2 Some common temperature
measurements are shown here in degrees
Fahrenheit and degrees Celsius.

Figure 3 Using a model of
a space shuttle can help you
understand how a real space
shuttle works.

-
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Figure 4 The big bang theory
says that 12 billion to 15 billion
years ago, an event called the big
bang sent matter in all directions.
This matter eventually formed

the galaxies and planets.

Figure 5 The compressed
coils on the spring toy can
be used to model the way
air particles are crowded
together in a sound wave.

Conceptual Models

The second kind of model is a conceptual model. A
conceptual model tries to put many ideas together to explain
or summarize something. After a conceptual model is formed,
data are sometimes found that do not fit the model. The model
may then be revised to fit the new data. For example, the
big bang theory is a conceptual model that explains why the
universe seems to be expanding. This model is described in
Figure 4. Although the big bang theory is widely accepted by
astronomers, some data do not fit the model. So, conceptual
models may not take certain data into account. Or the models
may include certain ideas but not others.

Mathematical Models

Every day, people try to predict the weather. One way to
predict the weather is to use mathematical models. A math-
ematical model is made up of mathematical equations and data.
Some mathematical models are simple. These models allow you
to calculate things such as force and acceleration. But other
mathematical models, like those that predict the weather, are
so complex that only computers can handle them. Some of
these very complex models have many variables. Using the
wrong value for even a single variable could cause the model
to make highly inaccurate predictions.

NNl Ne 49 Why is having accurate data important when
working with a mathematical model? @8.9.b

Models: The Right Size

Models are often used to represent things that are very
small or very large. The solar system is too large to view all
at once. So, a model can help you picture the thing in your
mind. Sometimes, models are used to learn about things you
cannot see, such as sound waves. Look at Figure 5. A coiled
spring toy is often used as a model of sound waves because
the spring toy behaves similarly to the way sound waves do.
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The Limits of Models

Models are an important tool for scientists. Mathematical
models can help scientists analyze complex systems quickly
and efficiently. For example, scientists can use models to study
how certain drugs might fight diseases without scientists hav-
ing to test the drugs on animals or people.

But it is important for a scientist to remember the
limitations of the models that he or she uses. A model is not
exactly the same as the real object or system. To make sense
of the information gathered, a scientist must know the ways in
which a model does not act exactly as the real thing does.

Using Models for Scientific Progress

Models can represent scientific ideas and objects. Models
can also be tools to help you summarize and learn new infor-
mation. When scientists need to communicate information
that would be difficult to explain, they often create a model.
Figure 6 shows a model of a protein molecule. Molecules are
too small to be seen with your eyes. And some molecules are
made of a large number of atoms. So, a drawing of a molecule
that tries to show the location of every single atom would be
very confusing to look at. But by using a model, you can see
the shape of the molecule from any side.

ScHooL; to Hop,

Weather Forecasting

Watch the weather forecast
on TV. You will see several
models that a weather
reporter uses to inform you
about the weather in your
area. In your Science Journal,
describe two of these models
and explain how each model
is used to represent the
weather. Describe some of
the advantages and disadvan-
tages of each model.

AeTiViTyy

Section 1

Figure 6 This image was generated
by a computer. It is a model of a
protein molecule.
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theory (THE uh ree) a system of
ideas that explains many related
observations and is supported by
a large body of evidence acquired
through scientific investigation

law (LAW) a descriptive statement or
equation that reliably predicts events
under certain conditions

Figure 7 These models show
how the theory about an atom’s
structure has changed over time.

1897 atomic model

Current atomic model

Figure 8 The total mass before

the chemical change is always
the same as the total mass
after the change.

48 Chapter 2

Scientific Theories

Models are often used to help illustrate and explain
scientific theories. In science, a theory is an explanation for
many hypotheses and observations. Usually, these hypotheses
have been supported by repeated tests. A theory not only
explains an observation you’ve made but also can predict what
might happen in the future.

Scientists use models to help guide their search for new
information. This information can help support a theory or can
show that the theory is wrong. Keep in mind that models can
be changed or replaced. These changes happen when scientists
make new observations. Because of these new observations,
scientists may have to change their theories. Figure 7 compares
an old model with a current model.

ML Ne 199 Why is having accurate data important during
the development and testing of a theory? (m8.9.6

Scientific Laws

What happens when a model correctly predicts the results
of many different experiments? A scientific law can be con-
structed. In science, a law is a summary of many experimental
results and observations. A law tells you how things work. Laws
are not the same as theories. Laws tell you only what happens,
not why it happens. Look at Figure 8. A chemical change took
place when the flask was turned over. A light blue solid and
a dark blue solution formed. Notice that the mass did not
change, which demonstrates the law of conservation of mass.
This law says that during a chemical change, the total mass
of the materials formed is the same as the total mass of the
starting materials. However, the law doesn’t explain why. It tells
you only what will happen during every chemical change.

Data in Science



Review

Summary;

® Tools are used to make observations, take
measurements, and analyze data.

ls 8.9.b, 8.9.f

® The International System of Units (SI) is the
standard system of measurement.

® Length, mass, volume, density, and temperature
are common measurements.

® A model uses familiar things to describe
unfamiliar things.

® Physical, conceptual, and mathematical models
are commonly used in science.

® A scientific theory is an explanation for many
hypotheses and observations.

Using Vocabulary

© Use volume, density, and mass in separate
sentences.

© \Write an original definition for the term model.

Understanding Concepts

© 1dentifying Which SI unit would you use to
express the height of your desk?

© Summarizing Explain the relationship
between mass and density.

© Listing What is normal body temperature in
degrees Fahrenheit and degrees Celsius?

© Applying What kind of model would you use
to represent the human heart?

© Comparing Explain the difference between a
theory and a law.

Critical Thinking

© Analyzing Methods Both a globe and a flat
world map can model features of Earth. Give
an example of when you would use each of
these models.

INTERPRETING GRAPHICS Use the image below
showing water temperature variations to answer the
next three questions.

November
r

Warm water of
El Nifilo condition

February

1999 1
ﬁb-qkf Cool water
: v of La Nifa
condition

© Applying Concepts These models were
created with data from satellite images. What
are some possible uses for these models?

@ Evaluating Sources How accurately could you
predict water temperature for a specific location
on the California coast?

@ Analyzing Processes What is a possible
limitation of these models?

@ Using Equations What is the density

of an object whose mass is 36 g and whose
volume is 12 cm??

Challenge

@® Identifying Relationships For a science
fair, you want to make a model of the moon
orbiting Earth by using two different balls. The
diameter of the ball that will represent Earth
will be about 62 cm. You want your model to
be to scale. If Earth is about four times wider
than the moon is, what should the diameter of
the ball that represents the moon be?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: SI Units; Using Models ™ \1
SciLinks code: HY71390; HY71588 s




What You Will Learn

® Scientists use data tables and
graphs to organize information.

® The independent variable is the
factor or parameter that the
investigator can change.

® The dependent variable is the
factor or parameter that the
investigator measures.

® Graphs help show patterns in data.
Linear and nonlinear graphs show
different relationships between
the variables.

Why It Matters

Graphs and data tables can help you
see trends in data, analyze results,
and draw conclusions.

Vocabulary

+ independent variable
+ dependent variable

. axis

READING STRATEGY

Graphic Organizer In your Science
Journal, create Combination Notes
that express information about
creating a graph in words and in
pictures or diagrams.

Figure 1 When conducting
research, you can collect so
much information that you

become overwhelmed, as
this student has.

50 Chapter 2

Organizing Your Data

Key Concept Scientists organize data to make
quantitative statements about the relationships
between the variables in an investigation.

P it Tuesday night, and you are studying for a test. You have
a notebook, the textbook, and flashcards. You have so much
information that you feel overwhelmed! In the same way,
you—Ilike the student in Figure 1—could be easily overwhelmed
by all of the data gathered from scientific investigations. To be
useful, data must be organized. But how? In this section, you
will learn some of the same methods that scientists use to make
information easier to interpret and understand.

Creating a Data Table

For several years, a teacher has been investigating the
amount of exercise his students get weekly. The students gather
information about the total hours of exercise they get each
week. The first step that the teacher and the students take in
organizing the data is to fill in a data table.

Organizing: The First Step

It’s important to determine what information you are going
to gather and to create a data table before the experiment
starts. Then, you can be as organized as possible and can be
sure not to miss any information that might be important.

Data in Science



@’TILY P Creating a Data Table

Number of

hours exercised
40 hr
47 hr

The first column
contains the
independent
variable.

Week

44 hr
50 hr
53 hr

NN AV IOV S

Independent and Dependent Variables

A data table has two columns, as shown in Figure 2. The
first column lists the independent variable, the factor or param-
eter that the investigator can change. In this case, the class
chose to study the total number of hours exercised each week
for five weeks. So, the independent variable is the week. If the
class chose to study the total number of hours exercised each
month, the independent variable would be a month.

The second column in the data table lists the dependent
variable. The dependent variable is the factor that changes in
response to the independent variable. It is the variable that
the scientist measures. In Figure 2, the dependent variable is
the total number of hours exercised. It changes with the inde-
pendent variable. So, the hours exercised change every week.

Variable and Controlled Parameters

When you design an experiment, you have controlled
parameters and variable parameters. Controlled parameters are
factors that stay constant throughout the experiment. Variable
parameters are factors that change, or vary, throughout the
experiment. If you want to explore the relationship between
two factors, such as mass and volume, then those factors are
your variable parameters. All other factors, such as temperature
and the material you study, should be kept constant and are
your controlled parameters.

MLl (M@ 199 Explain the difference between variable and con-
trolled parameters. () 8.9.c

Section 2

Labeling the columns
is important.

The second column
contains the dependent
variable. Correct units
should be included.

independent variable

(IN dee PEN duhnt VER ee uh buhl)
in an experiment, the factor that is
deliberately manipulated

Wordwise The prefix in- means “not”
Other examples are ineffective and
insane.

dependent variable

(dee PEN duhnt VER ee uh buhl)

in an experiment, the factor that
changes as a result of manipulation
of one or more other factors (the
independent variables)

Investigation and Experimentation

8.9.¢ Distinguish between variable and controlled
parameters in a test.

8.9.e Construct appropriate graphs from data
and develop quantitative statements about the
relationships between variables.

8.9.g Distinguish between linear and

nonlinear relationships on a graph of data.
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! [ Figure 3 ) Creating a Data Graph

Drawing the Axes

Labeling Your Axes

Your horizontal and vertical axes Each axis should have a
should be long enough to fit all label and, when needed,
of your data. the correct unit.

Number of hours exercised

Week
Creating a Graph
axis (AK sis) one of two or more Data tables help you organize data. Graphs help you under-
reference lines that mark the borders stand and use that data. Graphs make it easy to identify trends

of a graph and make predictions. Students studying the amount of exercise

they get each week used their data table to graph the total
number of hours exercised over a five-week period.

Axes

Figure 3 shows how to make a graph. First, use a data
table to determine the graph’s axes (singular, axis). An axis is

Quick Lab

i\\ﬂ S a reference line that forms one side of a graph. A graph has a
Height Vs. Arm Span sgo. horizontal x-axis and a vertical y-axis. The x-axis usually rep-
1. Create a data table 8.9.8 resents the independent variable in the data table. The y-axis
with height as the usually represents the dependent variable. In a graph of the
independent variable number of hours exercised in a five-week period, the x-axis
and arm span as the )
dependent variable. represents the week, and the y-axis represents the number of
2. Use a meterstick to hours exercised. Each axis is labeled with the name of the
measure the height variable that is represented.
and arm span of five
classmates. Range
3. Graph your data. Each axis has its own range. To find the range, subtract
4. Does your graph show the smallest value of a single variable from the largest value
a linear or nonlinear of the same variable. For the exercise data, the range of the

. e
relationship? independent variable, the week, is 5 weeks. Therefore, the x-

i
axis must cover at least 5 weeks. The range of the dependent

variable, the number of hours, is 53 — 40 = 13. Thus, the y-axis
must have room for at least 13 hours.
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Determining Range and Scale Plotting the Data Points
Each axis on a graph can have its  The easiest part of creating a
own scale so that the data can graph is taking pairs of data and
be seen easily. putting them where they belong.
0T cO+
S sO0T S 50t .
S S T4
S ot S0t e
5 R
S0t S0t
s s
'y 20T T 20+
N 2]
§ 101 § 101
0 — 0 —
o 1z 3 4 5 ot 2z 3 4 5
Week Week
Scale

The next step is to decide the scale of the graph. Each axis
has its own scale. The scale is the size that is used for each
box or grid mark on the graph. For the exercise data, we can
choose a scale of 1 week for each grid mark on the x-axis. For
the y-axis, the grid marks can be placed at intervals of 10. The
scale should be chosen such that the graph spreads out to fill
most of the available space.

Data Points

Now, the data points need to be plotted. You plot the data
points by putting a dot on the graph for each pair of data
in the data table. Sometimes, a “line of best fit” is needed.
Most graphs of data or observations are not drawn dot to
dot through the data points. A line of best fit, such as the
one in Figure 4, is a smooth line that is drawn to “fit,” or
to include, some but not all of the data points. The smooth
line without sharp turns or sudden bends shows the pattern
described by the data. The line of best fit also shows how the
data differ from the pattern.

Labels

The last step is to give the graph a title. The title helps peo-
ple recognize what the graph describes. Scientists often include
the independent and dependent variables in the title.

NNl X949 Why is an appropriate title for a graph important?
8.9.e

Section 2

Labeling the Graph

Every graph needs an appropriate
title. A good title tells a reader
what the graph is all about.

Hours Exercised per Week

[N
o
"

N
t

W BN

8 S S
" 1 "
T T T
[ ]

Number of hours exercised
uy
IS
t

(o3

Hours Exercised per Week

N
S
i

33
—t
\
L 2

N W
S S
" 1
T T

Number of hours exercised
3
t

<

Week

Figure 4 The line of best fit
shows the general relationship
between the two variables in the
graph. It also shows how data
vary from the overall relationship.
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@TILX) Trends in Nonlinear Graphs

Direct Nonlinear Relationship Inverse Nonlinear Relationship
The dependent variable increases as  The dependent variable decreases as
the independent variable increases. the independent variable increases.
Sea Lion Population over Time Slices of Pizze. Versus
leb Size of Household
140
3
v /20 & /07
S S
5 100 - s 51
R o
& 80 g ¢+
< N
3 60 o4t
S «
3 401 o2t
Y
20+ R o+
5 0 2 4 ¢ 5§ 10
0 /5 30 45 €O 75 90 Number of people
Time (years) in house

\“TE“_J AeTiViT)y

Careers in

Engineering

What kind of work do engi-
neers do? Write about differ-
ent kinds of engineers and
the fields in which they work.
Go to go.hrw.com, and type
in the keyword HY7DISW.

Patterns Shown by Graphs

When you graph data, you can identify what the pattern,
or trend, of the data is. A trend shows the relationship between
the two variables studied in the experiment. Graphs make it
easy to tell if something is increasing, decreasing, or staying
the same.

A straight line can sometimes be used to show the trend of
data on a graph. A graph in which the relationship between
the independent variable and dependent variable can be shown
with a straight line is called a linear graph. Sometimes, the
relationship between the variables studied is not a straight
line but a smooth curve. Any graph in which the relationship
between the variables cannot be shown with a straight line is
called a nonlinear graph.

Graphs allow scientists to determine if the relationship
between the variables is direct or inverse. If a graph shows
that the dependent variable increases as the independent vari-
able increases, the relationship between the variables is direct.
If one variable increases while the other variable decreases, the
relationship between the variables is inverse. Figure 5 shows
two nonlinear graphs, one of which has a direct relationship
and one of which has an inverse relationship.

LS Ne 49 Describe the difference between linear and
nonlinear relationships on a graph. ([ms.90.g
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Using Computers to Create Graphs

Computer technology can be used to make organizing data
easier. Computers help scientists collect, organize, process, and
display large amounts of data. In Figure 6, a doctor is recording
data on her hand-held computer. With this tool, she is able to
gather data rapidly and as needed. Specially designed software
makes appropriate graphs from lists of data. These graphs can
be quickly examined to find patterns and relationships between
the variables. The instant feedback provided by computer tech-
nology allows scientists to make mathematical representations
of large amounts of data as they are collected. Figure 6 This doctor uses a

NNl N9 149 How can technology help scientists create and hand-held computer to help her

X keep track of patient information
interpret graphs from data? ([ms.9.e and her demanding schedule.

" SECTION Understanding Concepts Critical Thinking

Review .
© Demonstrating  Why is © Analyzing Processes Why does
it important to organize a an investigator change the value
data table before doing an of a variable parameter during

8.9.¢, 8.9.¢, experiment? an investigation?
U 8.9.8

© Identifying Alfonso is conduct- @ Identifying Relationships As

mm ing an experiment to determine computer technology becomes
whether temperature affects faster, how does the ability of
® Scientists use data tables how fast earthworms move. scientists to collect and organize
to organize information. Identify the dependent variable data change?

e Labels and units are and the independent variable.

important parts of data INTERPRETING GRAPHICS Challenge

tables and graphs. Use the table below to answer © Int tine Statistics  Aft
. . . nterpreting Statistics er an
® The independent variable the next two questions. prefing Stat
experiment, Monica creates a

is the factor that the i i 0 aph that shows a direct linea
investigator changes. Time (min) Temperature (°C) grap W Irect linear

relationship between the size of

® The dependent variable 0 » a fish and the amount of oxygen
is the factor that the 3 28 the fish uses. Describe this trend
Investigator measures. 5 31 in terms of the amount of

® The line of best fit shows oxygen that a fish would use
the trend of a linear graph. © Applying While studying how as it grows from being very

® Graphs help show patterns, long it takes milk to warm, small to very large.
or trends, in data. Marissa makes the observations

® Linear and nonlinear graphs shown in the table. Use her data
show different relationships to create a graph. Internet Resources

between variables.

© Describing Does your graph
show an inverse linear relation-
ship or a direct linear relation-
ship? Explain your answer.

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Computer Technology " N
SciLinks code: HY70334 N




What You Will Learn

® Mathematics is an important tool
for understanding and summarizing
large quantities of information.

® The accuracy and reproducibility
of data affect the results and
conclusions of scientific studies.

@ The mean, median, and mode are
terms used to describe and analyze
an entire set of data.

® Slope is the degree of slant, or
steepness, of a straight line. The
slope of a linear graph represents
a constant that can be used to
help analyze a set of data.

Why It Matters

Knowing how to analyze data can
help you understand the results and
predictions made in scientific studies.

Vocabulary
* mean * mode
* median * slope

READING STRATEGY

Asking Questions Read this section
silently. In your Science Journal, write
down questions that you have about
this section. Discuss your questions in
a small group.

Investigation and Experimentation

8.9.b Evaluate the accuracy and reproducibility

of data.

8.9.d Recognize the slope of the linear graph

as the constant in the relationship y = kx and apply
this principle in interpreting graphs constructed
from data.

56 Chapter 2

Analyzing Your Data

Key Concept Scientists analyze data in order to answer
questions, understand results, and make predictions.

P One way to analyze data is to use mathematics. Mathematical
models in the form of computer simulations can answer questions
about how rockets, such as the one in Figure 1, will fly and react to
different conditions before the rockets even leave the ground.

Why Mathematics?

Just like making observations, conducting experiments,
and organizing data, mathematics is used to answer ques-
tions. Mathematics helps determine important properties of
substances, such as area, volume, and density. Mathematics also
allows scientists to understand and sum up a lot of informa-
tion. As a result, scientists can make predictions. For example, a
meteorologist gathers data on hurricane movement. Mathemat-
ics helps her to see patterns in the data. Then, she uses these
patterns to predict where future hurricanes might hit land.

There are scientists in every country around the world.
They speak many different languages. Mathematics is often
called the language of science because it allows scientists to
easily share their findings with each other in a language that
everyone understands: numbers!

Figure 1 Mathematics was used
to design the White Knight carrier
plane and the SpaceShipOne
rocket at right.

Data in Science



The most accurate read-

ing of the beetle’s length is
from directly overhead. If you
make your measurement
when you are slightly to the
right of the beetle rather
than directly overhead, how
would your measurement
compare with the actual
length of the beetle?

Accuracy of Data

When scientists conduct experiments, they want to collect
accurate data. In other words, they want the values to be cor-
rect. If you place 525 g on a balance and get a mass reading
of 450 g, your reading is not accurate. Some reasons why a
value is inaccurate include using broken equipment, using the
wrong tool, or using a tool incorrectly.

Choosing Tools and Using Them Correctly

You have probably made measurements using the tools
shown in Figure 2. Using a graduated cylinder to measure vol-
ume can provide a more accurate measurement than using a
measuring cup found in a kitchen. But your data will still be
inaccurate if you do not read the volume at the bottom of
the meniscus at eye level. Likewise, to get an accurate reading
using a ruler, you should look straight down on the end of
the thing you are measuring. If you move your head to either
side, you will get a slightly different measurement.

Reproducibility of Data

Imagine that you and a friend do an experiment using the
same procedure and equipment. You'd expect to get data that
are very similar. When scientists conduct investigations, they
want their results to be able to be repeated, or reproduced, by
other scientists. If the data are not reproducible, then there
is no way for the results of the experiment to be supported
and accepted by other scientists. Data must be reproducible in
order for other people to agree with your conclusions.

MLl (M@ 99 Explain what it means to say that the data from
a scientific investigation are reproducible. (g8.9.b

Section 3

@TLYP Using Tools Correctly

The most accurate read-
ing of the liquid's volume
is made by looking at the
bottom of the meniscus at
eye level.

Analyzing Your Data
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mean (MEEN) the number obtained
by adding up the data for a given
characteristic and dividing this sum
by the number of individuals

median (MEE dee uhn) the value of
the middle item when data are
arranged in order by size

mode (MOHD) the most frequently
occurring value in a data set

slope (SLOHP) a measure of the
slant of a line; the ratio of rise
over run

IAATE) RRACTts
Calculating the Mean

David has test scores of 85,
76, 82, and 90. What is his
mean test score?
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Describing the Entire Set of Data

When scientists analyze data, they often find it helpful to
use a single number to describe the entire set of data. Three
terms that are used for this purpose are mean, median, and mode.
Figure 3 shows how to find each one. The mean, or average,
is found by adding all the data points together, then dividing
the sum by the total number of data points. The median is
the value of the data point in the middle when the data are
placed in order from smallest to largest. The median is especially
helpful when one data point is much smaller or larger than
the rest of the data points, as in Week 9 below. The mode is
the number that appears most often in a data set.

@ TIZEP Analyzing the Entire Set of Data

A class of students recorded the total number of
hours they exercised during Weeks 6-10.

Number of
hours exercised Add your data together.
40 hr Divide the sum by the number
of observations in your date. set.
46 hr

43 hr Mean =
265+ 5
76 hr

Meen =

40 hr 53 hours

exercised

Finding the mean

Data in Science

Finding the mode

Place your date in order from

swillest to largest. The number
that appears most frequently is
the mode.

43, 4, 9

Mode =
40 hours exercised

Finding the median

Place your data. in order from
smallest to largest. The number
in the middle is the median.

40, 40, 43, 46, 96

Medjan =
43 hours exercised




Slope of a Line

What do you think of when you hear the word slope?
You might think of how something slants uphill or downhill.
Figure 4 shows a skier moving down a slanted mountainside.
Imagine drawing a straight line under the skier that runs along
the mountainside. The steepness of the line representing the
slant of the mountainside is called the slope of the line. In
math, slope is defined as the degree of slant of a line.

Calculating Slope

To calculate the slope of a line, it is helpful to use the
terms rise and run, as shown in Figure 4. The rise represents a
vertical change. The run represents a horizontal change. For
a line on the coordinate plane, the change in y, or the rise,
indicates the number of units moved up or down. The change
in x, or the run, is the number of units moved to the right
or left. Slope is calculated by dividing the vertical change (the
change in y) by the horizontal change (the change in x). In
other words, the slope of a straight line is found by dividing
the rise by the run, often described as “rise over run.”

Using Slope to Analyze Data

The slope of a line graphed from data can help you analyze
the data. Look at Figure 5. Three sets of data result in three
different lines, each with a different slope. For each line, the
value of the slope between any two points on that line will be
a constant number. Here, the slope (rise over run) represents the
speed (meters over seconds) of an object moving at a constant
rate. Figure 5 shows that slope can have a positive, negative,
or zero value. The slope of all horizontal lines is zero.

MLl (Ne 9 Define the slope of a straight line using the terms
rise and run. s.s.d

2T 2T
101 10+
= Run -
E 81 ---- E st
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L - 1 -+
= °T Rise. = ©
= : =
£ o £ o
2+ 2
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0 1 1 — 0 } 1 —
0 2 4 6 0 2 4
Time (s) Time (s)
=4m_-om —0m_om
sIope_25 213 slope = 5 =07

Section 3

Figure 4 In skiing, the term slope
refers to a slanted mountainside.
The steeper a slope is, the higher
its difficulty rating will be for a
skier. In math, slope is calculated
by dividing the rise by the run.

Figure 5 The results from three
sets of data can be graphed to
analyze the data. Here, the slope
of a line on a position versus
time graph represents the speed
of the object.

Position (m)

Time (s)
slope ==4m _ > o

2s
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220 p e
200 / p
180 //
160 Q
140
C 120 y Lead fishing weight Lead fishing weight
- / Mass = 211.0 g Mass = 4.2 g
= e // Volume = 18.59 ¢cm’ Volume = 0.37 cm®
80 /
/
60 / Figure 6 The line in the graph at left
40 /’ represents the constant density of lead. When
20 plotting the mass and volume measurements
0 / for the two lead fishing weights above, the

0 2 4 6 8 10 12 14 16 18 20 data points fall on the line shown in the graph.

Volume (cm?)

Slope as the Constant in y = kx

Scientists sometimes find that their data form a straight
line that includes the point that has x and y values of zero.
They can then use the equation y = kx to represent their data.
Figure 6 is a graph representing the density of lead. Here, y
represents measurements of mass. And x represents measure-
ments of volume. Then, k represents the constant term, which
is the slope of the line. The slope of this line (rise divided by
run) represents the density (mass divided by volume) of lead.
If you rearrange the formula for density into the form y = kx,
the equation is m = DV. So, density is the constant, k, which
is the slope of the line.

Quick Lab

Slope and Speed

. . . 8.9.d

1. Put a piece of tape 3 m long on the floor. 4. The third person in your group is the

Use tape and a meterstick to mark the line recorder. The recorder writes down

atOm, 1 m,2m, and 3 m. the times called out by the timer.
2. Choose one person to be the walker. The 5. Conduct the procedure, and

walker starts at 0 m, walks forward on the collect your data.

line for 3 m, stops for a short time, and then 6. Plot the position and time data

walks backward for 2 m. The whole trip on a graph.

LS 6T ] i ) 7. Determine the slope of each part
3. Choose a second person to be the timer. of the graph. Be sure to include

The timer uses a stopwatch to measure the the correct units.

time at which the walker stops at 3 m, starts 8. What does the slope of each part represent?

moving backward, and stops again at 1 m.

@ 20 min
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Comparing Linear and Nonlinear Graphs

The lines on a graph can help you draw conclusions about
your data. The slope of a straight line shows how much one
factor (y) always changes in relation to another factor (x). A
straight line shows that a constant linear relationship exists
between the factors you are studying. In other words, y always
changes the same amount in relation to x. But what if your
data do not form a straight line? Many relationships that sci-
entists study are not linear. In a nonlinear graph, each unit
change in one factor (y) does not always bring about the same
change in another factor (x). The graph of this relationship will
be a curve instead of a straight line. So, there is a nonlinear
relationship between the factors you are studying.

-

SECTION
Review

Summary,

® Mathematics is an important
tool for understanding and
summarizing data.

Using Vocabulary L Math skills

© \rite an original definition for © Analyzing Data Rachel has
slope. gathered information about the

guppy population in her fish
Understanding Concepts

tank. She has counted the
number of living guppies once
© Applying A scientific study per month for five months. Her
is repeated by four different
groups. Only two groups get

data are as follows: 5, 15, 35,
35, and 55. Calculate the mean,
the same results. Are the data
reproducible? Explain.

median, and mode.

Challenge

® The accuracy and reproduc-
ibility of data used in scien-
tific investigations affect the

© Analyzing What does the

phrase “rise over run” refer to

when defining slope?

© Identifying Relationships You

are gathering data about factor

results. O summarizing Why is
® Mean, median, and mode mathematics an important
summarize an entire tool for scientists?

set of data.
Critical Thinking

© Applying Concepts Describe a
situation in which the median of
a data set would be more useful
than the mean.

© Analyzing Methods A scientist
is measuring the height of water
hyacinths on 30 ponds. How
important is the degree of
accuracy of the measurements
he gathers? Explain your answer.

y and factor x. A graph of your
data results in a straight line.
What does this tell you about
the relationship between y and
x? What would the slope of this
line represent? Explain your
answers in terms of y and x.

® Slope is the degree of slant
of a straight line.

® The slope of a straight line
represents a constant that
can be used to understand
and analyze data.

® Linear and nonlinear Internet Resources

graphs result from different
relationships in the data.

For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Science and Technology

in California AN N
SciLinks code: HY7C10 |




Skills Practice [1£)

Determine the mass, volume,

and density of objects.

Identify patterns and trends
in data.

Construct graphs from data.

Recognize the slope of a linear
graph to be the constant in the

relationship y = kx.

L MATERIALS J

« balance, metric

« graduated cylinder, 100 mL
e paper, notebook (3 sheets)
* paper towels

« pennies (10)

e water

SAFETY

=

Investigation and Experimentation

8.9.d Recognize the slope of the linear graph
as the constant in the relationship y = kx and
apply this principle in interpreting graphs
constructed from data.

8.9.e Construct appropriate graphs from data
and develop quantitative statements about the
relationships between variables.

8.9.f Apply simple mathematical relationships
to determine a missing quantity in a mathematic
expression, given the two remaining terms
(including speed = distance/time, density =
mass/volume, force = pressure X area,
volume = area x height).

8.9.g Distinguish between linear and nonlinear
relationships on a graph of data.

62 Chapter 2

Penny Densities

All pennies are exactly the same, right? Probably not! After all,
each penny was made in a certain year at a specific mint, and
each has traveled a unique path to reach your classroom. But
all pennies are similar. In this lab, you will conduct an inves-
tigation to gather data about the differences and similarities
among a group of pennies.

Procedure

o Write the numbers 1 through 10 on a sheet of paper, and
place a penny next to each number.

© Use the metric balance to find the mass of each penny to the
nearest 0.1 g. Return each penny to its place on the paper and
record each measurement next to the number of that penny.

o On a table that your teacher will provide, make a mark in the
correct column of the table for each penny you measured.

° Separate your pennies into two piles, based on the class data.
Label a sheet of paper Pile 1 and place the pile of lower-mass
pennies on the sheet. Label a second sheet of paper Pile 2
and place the pile of higher-mass pennies on the sheet.

© Measure and record the mass of each pile. Write the mass on
the paper you are using to identify the pile.

o Fill a graduated cylinder halfway with water. Carefully measure
the volume in the cylinder, and record it.

o Carefully place the pennies from one pile into the graduated
cylinder. Measure and record the new volume.

-

—
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O Carefully pour out the water into the sink,
and remove the pennies from the graduated
cylinder. With a paper towel, dry off the pile
of pennies.

o Repeat steps 6 through 8 for the other pile.

Analyze the Results

(D Analyzing Data Determine the volume of
the displaced water by subtracting the initial
volume from the final volume. This amount is

equal to the volume of the pennies. Record the

volume of each pile of pennies.

m Organizing Data On tables that your teacher

will provide, record the mass and volume of
each pile of pennies. Copy each table contain-
ing all of the data collected by your class.

Q Analyzing Data Calculate the density of each

pile by dividing the total mass of the pennies
by the volume of the pennies.

@ Constructing Graphs Construct a graph of
mass versus volume for each pile of pennies
using the data collected by your class.

@ Recognizing Patterns Do your graphs show

a linear or nonlinear relationship between
mass and volume? Explain your reasoning.

Draw Conclusions

@ Analyzing Graphs Determine the slope of
the line on each graph.

@ Evaluating Data Compare the two values
for density that you found for each pile.

(D pefending Conclusions The slope of a
line on a graph of mass versus volume
represents the density of the material. Show
how the formula for calculating density can
be rearranged into the form y = kx to
support this claim.

Big Idea Question

@ Evaluating Methods By analyzing your data
and the pennies, can you identify any patterns
that would allow you to separate the pennies
into the same groups without conducting an
investigation? Explain your answer.

i
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Science Skills Activity

Scientific

Methods Data

Analysis R

Accuracy and Reproducibility of Data

P> Tutorial

Calculation

Investigation and
& Experimentation

8.9.b Evaluate the accuracy and

reproducibility of data.

When you perform an investigation, the tool you
choose to collect data affects the accuracy of

your measurements. Accuracy has to do with the
correctness of a measurement. In other words,
accurate measurements are free of errors.
Reproducibility has to do with the ability to repeat,
or reproduce, the same data. If you repeat an
experiment done by someone else and you get
the same results, then the data are reproducible.

Procedure

@ The following data were collected to investi-
gate accuracy and reproducibility using
two different triple-beam balances and
a 1.0 kg mass.

Analysis

© Identifying Analyze the data table to evaluate
the accuracy of the data. Because the mass is
known to be 1.0 kg, you can see that the data
collected using Balance 1 are accurate. You
can also see that the data collected using
Balance 2 are not accurate.

© Applying Analyze the data table again to
evaluate the reproducibility of the data. Each
group obtained the same data on each bal-
ance. So, the data are reproducible. However,
Balance 2 is showing reproducible, but inaccu-
rate, results.

Balance 1 Balance 2
Group 1 1.0 kg 1.4 kg
Group 2 1.0 kg 1.4 kg
Group 3 1.0 kg 1.4 kg
P> You Try It!
Procedure Analysis

The data table below shows mass and volume
measurements for four pieces of lead. Construct
a graph of mass versus volume from these data.
Use the graph to help determine the accuracy of
the data.

Mass (g) Volume (cm?)
Piece 1 40 3.52
Piece 2 70 6.17
Piece 3 100 4.11
Piece 4 20 1.76
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@ !dentifying Do the data points for the
measurements of each piece of lead all fall
on a straight line? If not, which piece is not
on the line?

© Applying On your graph of mass versus
volume, what does the slope of the line
represent? Explain why all of the points
should fall on this line.

© Evaluating Explain how your graph helps you
evaluate the accuracy of the data.

© Concluding What is a possible reason for the
inaccurate measurement?

© Evaluating What would you need to evaluate
the reproducibility of the data?



Chapter;Summary;

Scientists use tools to collect, organize, and
analyze data while conducting investigations.

Ceton ) Vocabulary |

&) Tools and Models in Science

Key Concept Scientists use tools and models to
increase their ability to investigate the natural world.

The Big Idea

® Tools are used to make accurate measurements
while collecting data.

@ The International System of Units (SI) is a system
of measurement used by most scientists.

® A model uses familiar things to describe unfamiliar
things. Physical, conceptual, and mathematical
models are commonly used in science.

® Models help scientific progress through their use in
theories and laws.

Organizing Your Data

Key Concept Scientists organize data to make
quantitative statements about the relationships
between the variables in an investigation.

@ Scientists use data tables and graphs to
organize information.

® The independent variable is the factor or parameter
that the investigator can change.

® The dependent variable is the factor or parameter
that the investigator measures.

@ Graphs help show patterns in data. Linear and nonlinear
graphs show different relationships between the variables.

&) Analyzing Your Data

Key Concept Scientists analyze data in order to answer
questions, understand results, and make predictions.

® Mathematics is an important tool for understanding
and summarizing large quantities of information.

® The accuracy and reproducibility of data affect the
results and conclusions of scientific studies.

® The mean, median, and mode are terms used to
describe and analyze an entire set of data.

® Slope is the degree of slant, or steepness, of a straight
line. The slope of a linear graph represents a constant
that can be used to help analyze a set of data.

Scientists use models to help
understand and explain data.

Organizing your data helps you

see trends and draw conclusions.

The accuracy of

your data.

measurements affects

go.hraw.com

SUPER SUMMARY |
KEYWORD: HY7DISS

mass p. 43
volume p. 44
density p. 44
temperature p. 45
model p. 45
theory p. 48

law p. 48

independent variable
p. 51

dependent variable
p. 51

axis p. 52

mean p. 58
median p. 58
mode p. 58
slope p. 59
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Organize

Tri-Fold Review the FoldNote
that you created at the beginning
of the chapter. Add to or correct
the FoldNote based on what you
have learned.

Using Vocabulary

© Academic Vocabulary Choose the
appropriate form of the word accurate for
the following sentence: “The degree of ___
of the data used in a scientific investigation
affects the results.”
a. accurate
b. accuracy

C. accuracies
d. being accurate

Complete each of the following sentences by
choosing the correct term from the word bank.

slope independent variable
axis dependent variable
density median

© The __is the factor that the experimenter
changes.

© A reference line that forms one side of a
graph is called a(n) __.

O n math, __is defined as the degree of
slant of a line.

© The __ changes in response to the
independent variable.

© The ratio of the mass of a substance to the
volume of the substanceis

Understanding Concepts

Multiple Choice

© The slope of all horizontal lines is
a. positive.
b. negative.
C. zero.
d. undefined.
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8.9.b, 8.9.¢, 8.9.d,

O han experiment, the mass of each of five
apples is measured. The results are 95 g, 85 g,
90 g, 85 g, and 100 g. Identify the mode.
a.85¢g
b.9%0g
€. 92¢g
dog

© What do scientists often create when they
cannot easily study the real thing?
a. a theory
b. a model
¢. atrend
d. a dependent variable

@ What is the value of the data point in the
middle of a set of data when the data are
arranged in order from smallest to largest?
a. the mode
b. the median
¢. the mean
d. the average

Short Answer

@ Applying How would you determine the
volume of an object if you were given its
mass and density?

@ Identifying A data table shows the height
of a person on his birthday each year for
10 years. What is the dependent variable?

@® Demonstrating Several scientists are
working together to study the change in
the number of whales born each year along
the northern coast of California. What is
the controlled parameter?

L Writing Skills

@ Technical Writing A group of scientists is
studying the change in the amount of pesti-
cides found in ocean water over a 20-year
period. Outline the steps for constructing an
appropriate graph for the data from the
investigation. Be sure to clearly identify the
sequence of steps to follow and the variables
to consider in order to create a graph that
would help the scientists analyze their results.



Critical Thinking

@ Concept Mapping Use
the following terms to create
a concept map: slope, linear
graphs, density, independent
variable, axes, and dependent O O

variable.

@ Applying Concepts Describe three kinds
of models used in science. Give an example
and explain one limitation of each model.

@ Identifying Relationships If you have the
masses and volumes of a set of objects, what
would a graph of these values represent?

@ Applying Concepts A tailor is someone who
makes or alters items of clothing. Why might a
standard system of measurement be helpful
to a tailor? How would the degree of accuracy
of a tailor's measurements affect the quality
of the clothes?

INTERPRETING GRAPHICS Use the table below
to answer the next two questions.

Age (months) Mass (kg)

0 3.2
1 4.2
2 5.1
4 6.7
5 73
6 78

@ Applying Concepts A baby's mass was
measured when the baby was born and
then every month for 6 months. At 3 months
of age, the baby was sick, so the baby’s mass
was not measured. Create a graph by using
the data table above. Use the graph to find
the likely mass of the baby at 3 months.

¢ Evaluating Conclusions Does your graph
show a linear or a nonlinear relationship?
Explain your answer.

INTERPRETING GRAPHICS Use the image below
to answer the next three questions.

@ Making Comparisons How similar is this
model to a real object?

@ Evaluating Sources Describe one possible
limitation of this model.

@ Applying Concepts How might this
model be useful?

@ Analyzing Data Find the mean, median,
and mode of the following data set: 8.9 cm,
7.2 cm, 15.7 cm, 5.2 cm, and 15.7 cm.

@ Using Equations A box of cereal has a
mass of 340 g. Its dimensions are 27 cm X
19 cm X 6 cm. What is the volume of the
box? What is its density?

Challenge

@ Making Inferences You and a friend each
decide to build the same model airplane. After
the airplanes are built, you decide to conduct
an investigation to determine which airplane
can glide through the air the longest. Outline
a plan to conduct your investigation. Identify
the controlled and variable parameters. What
are some possible reasons for finding that one
airplane glides much farther than the other
airplane?
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words means “to
judge the worth of?

A relate

B evaluate
C ponder
D squander

0 Which of the following words means the
same as the word accuracy?

A correctness
B reality
C honesty

D conversion

o What is the meaning of variable in the
sentence “Ashley listed the variable in the
first column of her data table™?

A the factor that changes in Ashley’s
experiment

B the symbol that represents a known
quantity in algebra

C the characteristic in a species that tends
to differ

D the factor that always equals zero in
Ashley’s experiment

o What is the meaning of construct in the
sentence “Mateo and Teresa constructed
a graph based on the data they collected
in their experiment™?

A to form a concept or idea

B to copy or match

C to build or make from parts
D

to measure the size of a surface
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—— 6.7.3, 6.7.¢, 7.7.c, 7.7d,
8.9.3, 8.9.b, 8.9.¢, 8.9.d,
> 8.9.¢,8.9.f,8.9.8

REVIEWING CONCEPTS

e What is the density of an object with a
mass of 100.8 g and a volume of
144 cm*?

A 700 g/cm3
B 70 g/cm?
C 7g/cm?

D 0.7 g/cm?

e If the data points on a graph can be
connected with a straight line, which of
the following is most likely true?

A The slope of the line on the graph
represents the mass of the substance
being measured.

B The factor represented by the y-axis
always changes the same amount in
relation to the factor represented by the
X-axis.

C There is an inverse nonlinear
relationship between the factors in the
data table.

D There is a direct nonlinear relationship
between the factors in the data table.

Rainfall in Sacramento

Month Rainfall (cm)
September 1.2
October 3.5
November 6.25
December 6.8
January 8.75

o The data table above shows the results of
an eighth grade class measuring monthly
rainfall. Which column in the data table
represents the dependent variable?

A Month

B Rainfall (cm)
C both columns
D

neither column



Rainfall in Sacramento

Rainfall (cm)
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The graph above shows centimeters of
rainfall in Sacramento over a nine-month
period. Study the trend established by
the graph. What is the most reasonable
prediction you can make by looking at
the graph?

A There will be less than 2.3 ¢cm of rain
in June.

B The level of rainfall will rise slightly
in June.

C There will be more rainfall in June than
in January.

D The level of rainfall will be 0 cm in June.

Bethany collected data to determine
how quickly her puppy was growing. The
puppy steadily gained weight over eight
months. When Bethany graphs her data,
what kind of relationship will it show
between the variables?

A a linear relationship
B a nonlinear relationship
C an inverse nonlinear relationship

D a direct nonlinear relationship

REVIEWING PRIOR LEARNING

@ A shampoo advertised in your favorite
magazine claims to have a secret
ingredient that will make your hair
thicker and shinier. How could you test
that claim?

A by conducting lab experiments with the
shampoo

B by researching the ingredients in the
product

C by comparing the results of washing
with that shampoo and your regular
shampoo

D by researching the number of
advertising claims that are actually true

m How do scientists test their hypotheses?
A by forming theories
B by asking questions
C by making predictions
D by gathering data

@ A Punnett square shows how traits are
passed along from parents to offspring.
A Punnett square is an example of

A a mathematical model.
B a diagram.

C a conceptual model.

D

a map.

@ The symbols below represent some
safety cautions to follow when
conducting lab experiments. Which of
these safety symbols would you most
likely find on a science lab sheet that
requires working with chemicals?

TeeP
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Science
in Action

Science, Technology,
and Society

Using Satellites to Track

Plate Motion
When you think of laser beams firing,
you may think of science fiction movies.
However, scientists have developed a sys-
tem called satellite laser ranging, or SLR, that
uses laser beams to measure the rate and
direction of motion of tectonic plates. SLR
is used to monitor movement at faults in
Southern California. From ground stations
on Earth, laser beams are fired at satellites
orbiting 5,900 km above Earth. From the
satellites, the laser beams are reflected back
to ground stations. Differences in the time it
takes signals to be reflected from targets are
used to calculate the amount of movement.

Language Arts Bfli_yﬂly

Research a society that lives on an active
plate boundary. Write a short story describing
how the people prepare for the possibility of
earthquakes and volcanic eruptions.

]

m~

Weird Science

Dolphins in the Navy

Did you know that some dolphins work
for the navy? One way that dolphins help
the navy’s Marine Mammal Program is
by detecting underwater mines. Under-
water mines are bombs that drift under-
water. Most mines explode when a large
object bumps into them. Dolphins can find
mines safely by using echolocation, a natu-
ral sonar system that allows dolphins to
sense their surroundings, even in murky
waters. When a dolphin finds a mine and
alerts a person, experts can deactivate
the mine.

math R<TiViTp

This scientist is using
a laser to test one

of the satellites that
will be used to track
plate motion.

Suppose that each dolphin in the navy’s
program is trained for 5 years and each
trained dolphin works for 25 years. If

10 dolphins begin training each year for
10 years, how many would be working
at the end of those 10 years? How many
would still be in training?




Careers
Evan Forde

Oceanographer You're 2 mi below the water’s surface, trapped in a tiny submarine.
A small, underwater landslide has partially buried your sub. Ten minutes crawl by. The
submarine finally breaks free, and you notice that your heartbeat and breathing begin to
slow. You are just 28 years old, but you're already an expert on undersea canyons. When
you were a high school student, you never thought that your work would include such
exciting experiences!

Evan Forde survived his sub-
marine scare and continues to
enjoy being an oceanographer,
a scientist who studies oceans.
Forde and other oceanographers
use a variety of tools to help
them explore and understand
the oceans. Forde works for the
National Oceanic and Atmos-
pheric Association (NOAA), a
scientific branch of the U.S. gov-
ernment. His current specialty
is using satellites and comput-
ers to improve early-warning
systems for detecting hurri-
canes. Forde is part of NOAA's
Atlantic Oceanographic and
Meteorological Laboratory.

i~

“
Social Studies Aq'ivl.'}'

Research an oceanographer of your choice, and
prepare a class presentation on your findings.
Focus on the accomplishments of the scientist
and the ways that the scientist used technology
to study the oceans.

Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7DISF. word HY7DISC.
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1661 1712
Robert Boyle, a Thomas Newcomen invents
chemist in England, the first practical steam
T I M E I. I N E determines that engine.

elements are sub-
stances that cannot
be broken down

The Structure e

simpler by chemical

of Matter T

In this unit, you will explore
a basic question that people

have been pondering for The Hindenburg

centuries: What is the struc- . 8 explodes while

ture of matter? You will ; § docking in Lakehurst,
) . ' New Jersey. To make

learn how to define the i it lighter than air,

word matter and the ways the airship was filled
to describe matter and the ' m'mféaerrgg?e
changes it goes through.

You will also learn about
the different states of
matter and how to classify
different arrangements of

matter as elements' com- The first commercially
d ixt Thi available “pocket”

pounds, or mixtures. IS calculator is introduced.
timeline shows some of the : It has a mass of nearly

. o o 1 kg and a price of
events and dlscover!es ?hat about 5400, hardly
have occurred as scientists 63 the kind of pocket
have sought to understand ‘X lalator that

ists today.
the structure of matter. exists today.
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1766 1800 1920

English chemist Henry Current from an American women

Cavendish discovers and electric battery is win the right to

describes the properties used to separate vote with the

of a highly flammable water into the ratification of the

substance now known elements hydrogen 19th Amendment

as hydrogen gas. and oxygen for the to the Constitution.
first time.

1950

Silly Putty™ is sold in
a toy store for the first
time. The soft, gooey

1957

The space age begins /
when the Soviet Union
launches Sputnik 1, the
substance quickly becomes first artificial satellite to
popular because of its LS circle Earth.

strange properties, \

including the ability to \
“pick up” the print from \
a newspaper page.

1989 2000 2003

An oil tanker strikes a reef in The World’s Fair, an Sally Ride, the first
Prince William Sound, Alaska, international exhibition American woman in
and spills nearly 11 million gallons featuring exhibits and space, is inducted
of oil. The floating oil injures participants from around into the Astronaut
or kills thousands of marine the world, is held in Hall of Fame.
mammals and seabirds and Hanover, Germany. The

damages the Alaskan coastline. theme is “Humankind,
Nature, and Technology”



@), Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a Venn diagram. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Venn Diagram

@ Draw a diagram like the one shown below.
Draw one circle for each topic. Make sure
that each circle partially overlaps the
other circles.

© In each circle, write a topic that you want to
compare with the topics in the other circles.

© In the areas of the diagram where circles
overlap, write the characteristics that the
topics in the overlapping circles share.

© In the areas of the diagram where circles do
not overlap, write the characteristics that are
unique to the topic of the particular circle.

Physical Properties

- can be observed or
measured without
changing the identity
of a substance

conductivity

You Try It!

* help describe
and define

- color, odor, mass, tni::‘ege different properties
volume, weight, h . + cannot always be
density, strength ¢ ar‘aclgrlshc observed

! : roperties
flexibility magnetism, prep * reactivity, including
and electrical flammability

When to Use a Venn Diagram

A Venn diagram is a useful tool for comparing
two or three topics in science. A Venn diagram
shows which characteristics the topics share

and which characteristics are unique to each
topic. Venn diagrams are ideal when you want
to illustrate relationships in a pair or small group
of topics. As you read, look for topics that have
both shared and unique characteristics, and
draw a Venn diagram that shows how the topics
are related.

Chemical Properties

+ describe matter
based on its ability
to change into new
matter that has

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own Venn diagram as directed in
the Reading Strategies for Section @/l and Section {&l. Record your

work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

%

California Standard Academic Vocabulary m

8.5.a Students know reactant atoms
and molecules interact to form products
with different chemical properties.

interact (i~ tuhr AKT) to act upon one
another

chemical (KEM i kuhl) of or having
to do with the properties or actions of
substances

When atoms and molecules are put
together, they can interact to form new
substances whose chemical properties
differ from the properties of the original
substances.

8.5.¢ Students know chemical reaction (ree AK shuhn) a response or

reactions usually liberate heat or change
absorb heat. liberate (LIB uhr avr) to release;
to set free

When new substances are formed,
thermal energy is usually either given
off or absorbed.

8.5.d Students know physical physical (FIZi kuhl) of or having to do

processes include freezing and boiling, with matter or the body
in which a material changes form with no process (PRAH ses) a set of steps, events,
chemical reaction. or changes

Changes of matter that do not change
the composition of the matter include the
changes from a liquid to a solid and from
a liquid to a gas.

8.7.c Students know substances

can be classified by their properties,
including their melting temperature, density,
hardness, and thermal and electrical
conductivity.

Different kinds of matter can be grouped

by their characteristics, including the
temperature at which they melt, the amount
of mass per unit volume, their hardness,
and their ability to transfer thermal energy
or electrical energy.

8.8.a Students know density is mass
per unit volume.

Density is the amount of matter in a given
amount of space.

8.8.b Students know how to
calculate the density of substances (regular
and irregular solids and liquids) from
measurements of mass and volume.

You must know how to figure out the
density of substances—including solids that
have uniform shapes, solids that vary in
shape, and liquids—from measurements of
mass and volume.

The following list identifies other standards that are covered in this chapter and indicates where

you can go to see them unpacked: 8.8.d (Chapter 14).
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California Standards

Focus on Physical Sciences

8.5 Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. (Section 3)

8.7 The organization of the periodic table is based on the properties
of the elements and reflects the structure of atoms. (Section 2)

8.8 All objects experience a buoyant force when immersed in a fluid.
(Sections 1 and 2)

Investigation and Experimentation
8.9 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Section 1; Science Skills Activity) ; o rg an i ze

Math
6.1.2 Algebra and Functions
8.8.0 Geometry Double Door

English-Language Arts Before you read this chapter, create the

8.2.2 Reading FoldNote entitled “Double Door!” Write

8.2.6 Writing “Physical changes” on one flap of the
double door and “Chemical changes” on
the other flap. As you read the chapter,
compare the two topics, and
write characteristics of each

{ topic on the inside of the

About the Photo appropriate flap. _

This giant ice dragon began as a 1,700 kg ::';slgsztti:s“:r?:occ':tﬂ“i&; E—
the Study Skills section
on p. 517 of the Appendix.

block of ice! Making the blocks of ice takes six
weeks. The artist has to work at —10°C to keep
the ice from melting. An ice sculptor has to

be familiar with the many properties of water,
including its melting point.
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Similar Size, Different Mass

In this activity, you will compare the physical proper-
ties of two objects that are similar in size and shape.
Procedure

1. Examine a table-tennis ball and a golf ball.

2. Use a triple-beam balance to determine the mass
of each ball. Record your observations.

. Compare the volume of the balls. For each ball,
identify properties other than mass and volume by
observing the ball for five minutes. List the proper-
ties that you identify.

Analysis

4. Five minutes after observing the two balls, discuss
your findings with the class.

5. What units did you use to express the
mass of each ball? What can you conclude
about the amount of matter in each ball?

6. For any two objects that are similar in size, are
both objects made up of the same amount of
matter? Explain your answer.

Properties of Matter
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What You Will Learn

® All matter has volume and mass.

® Volume is the amount of space
taken up by an object.

® Mass is a measure of the amount of
matter in an object.

® \Weight is a measure of the gravita-
tional force exerted on an object.

Why It Matters

Understanding what matter is and how
units are used to describe matter can
help you understand the structure of
the physical world.

Vocabulary

* matter * mass
* volume * weight
e meniscus

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Venn Diagram that
compares volume and mass.

matter (MAT uhr) anything that
has mass and takes up space

volume (VAHL yoom) a measure
of the size of a body or region
in three-dimensional space

8.8.b Students know how to calculate the density
of substances (regular and irregular solids and
liquids) from measurements of mass and volume.

78 Chapter 3

What Is Matter?

Key Concept Matter is anything that has mass and takes
up space. Matter can be described in terms of its volume,
mass, and weight.

P What do you have in common with a toaster, a steaming
bowl of soup, or a bright neon sign? You might think that this is
a trick question. It is hard to believe that a person has anything
in common with a kitchen appliance, hot soup, or a neon sign.

Matter

From a scientific point of view, you have at least one char-
acteristic in common with a toaster, a bowl, soup, steam, and
the glass tubing and glowing gas of a neon sign. You and these
items are each made of matter. But exactly what is matter?
Matter is anything that has mass and takes up space.

Matter and Volume

All matter takes up space. The amount of space that
an object takes up, or occupies, is known as the object’s
volume. Your fingers, the continent of Africa, and a cloud have
volume. And because these things have volume, they cannot
occupy the same space at the same time. Even the tiniest
piece of dust takes up space. Another piece of dust cannot fit
into that space without somehow bumping the first piece out
of the way. Figure 1 shows an example of how two objects
cannot be in the same space at the same time.

Figure 1 Because CDs are made of
matter, they have volume. Once your
CD storage rack is filled with CDs,
you cannot fit another CD in the rack. i
s

L .




Liquid Volume

Lake Erie, the smallest of the Great Lakes, has a volume
of about 483 trillion liters (483,000,000,000,000 L) of water.
Can you picture that much water? Think of a 1.5 L bottle
of water. The water in Lake Erie could fill more than 322 meniscus (muh NIS kuhs) the curve
trillion 1.5 L bottles. On a smaller scale, an ordinary canned at a liquid's surface by which one
drink has a volume of only 0.355 L, which is about one- measures the volume of the liquid
third of a liter. You can estimate the volume of the can
by using a large measuring cup to measure the amount of
liquid that a full can holds.
The liter (L) is the SI unit for volume. Often, small
volumes of liquid are expressed in milliliters (mL). Remem-
ber that 1 L equals 1,000 mL. Any volume of liquid, from

one drop of rain to a bottle of water to an ocean, can be ! Figure 2 To measure
expressed in liters or milliliters. volume correctly, read
the scale at the lowest
SNl X949 What are two units that are used to express point of the meniscus
volume? (g)8.8.b . at eye level. Below, the

volume is 15.0 mL.

Measuring the Volume of Liquids

In class, you may use a graduated cylinder instead of
a measuring cup to measure a liquid’s volume. Graduated
cylinders are used to measure liquid volume when accuracy
is needed. The surface of a liquid in any container is curved.
The curve at the surface of a liquid is called a meniscus.
For most liquids, including water, volume should be mea-
sured from the lowest point of the meniscus, as Figure 2
shows. So, you would measure volume by noting where on
the container’s scale the lowest point of the meniscus is.
Because the meniscus curves only slightly, water’s meniscus
looks flat in a wide-mouthed container.

MQXO

Finding Accurate Volumes

Meniscus

1. Pour colored water into a 100 mL gradu- 3. Compare your measurement at z:::::
ated cylinder up to the 50 mL mark. each position to your eye-level
Measure from the bottom of the meniscus measurement (50 mL). Describe
as seen at eye level. any differences between the
2. Look at the meniscus from two positions measurements.
above eye level and two positions below 4. Why is reading a meniscus at
eye level. At each position, read the volume eye level important for measuring
of water. Record your readings. volume accurately?
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V=1mxImx1lm=1m?

height

Figure 3 A cube whose length,
width, and height are each 1 m
has a volume of one cubic
meter (1 m’).

Volume of a Regularly Shaped Solid Object

The volume of any solid object is expressed in cubic units.
The word cubic means “having three dimensions.” In science,
cubic meters (m®) and cubic centimeters (cm®) are the units
most often used for the volume of solid things. The 3 in these
unit symbols shows that three quantities, or dimensions, were
multiplied to get the final result. You can see the three dimen-
sions of a cubic meter in Figure 3.

You can use formulas to find the volume of regularly shaped
objects. For example, to find the volume (V) of a cube or
another rectangular object, use the length (I), width (w), and
height (h) of the object in the following equation:

V=IXwXh

But you don’t need to know all three measurements to find
volume. The area of the base of a cube or another rectangular
object is equal to length times width. So, if you know the area
(A) and height (h) of the object, you can find the volume (V)
of the object by using the following equation:

V=AXh

NNl Ne 49 What two equations can you use to find the
volume of a rectangular object? (8.9

Volume of a Rectangular Solid

Now It's Your Turn

What is the volume of a box whose base has an 1. The cover of azbook has an
area of 5 cm? and whose height is 2 cm? area of 450 cm®. The book has

Step 1: Write the equation for volume by using

area and height.
volume = area X height

a height of 4 cm. What is the

book’s volume? Use the correct

unit for volume in your answer.
2. For a suitcase that has a height of

Step 2:Replace the variables with the measure- 20 cm and a volume of 0.095 m?,
ments given, and solve for volume. find the area of the base of the

volume = 5 cm? X 2 cm

The equation for volume can also be rearranged
to find area or height, as shown.

area = volume + height (Rearrange by dividing

by height.)

= 10 cm?® suitcase. (Remember that 0.095 m®

equals 95,000 cm?.)

3. A CD case has a volume of
176.08 cm®. If the case’s height is
1.0 cm and its width is 12.4 cm,
what is its length?

height = volume + area (Rearrange by dividing

by area.)
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Volume of an Irregularly Shaped Solid Object

How do you find the volume of a solid that does not have
a regular shape? One way to find the volume of an irregularly
shaped solid object is to use water displacement.

Using Displacement to Find Volume

In Figure 4, when a 12-sided object is added to the water
in a graduated cylinder, the water level rises. The level rises
because the object pushes water out of the way. This process
of pushing water out of the way is called displacement. The
volume of water displaced by the object is equal to the object’s
volume. Because 1 mL is equal to 1 cm®, you can give the vol-
ume of the water displaced by the object in cubic centimeters.
Volumes of liquids can be given in cubic units, but volumes
of solids should not be given in liters or milliliters.

Using displacement to find the volume of an object that
floats is more difficult. To do so, you must use another object
to hold the floating object underwater. Then, you must subtract
the volume of the object holding the floating object. Displace-
ment cannot be used to find the volume of something that
dissolves in water.

MLl Ne 9 Explain how you would measure the volume of
a brick that contains holes. 8.8.b

-

Quick Lab <>
Finding Volume
by Displacement *5*
1. Fill a 100 mL 8:8.

graduated cylin-
der to about the
50 mL mark with
colored water.
Read the volume at

the meniscus, and
record your reading.

2. Tip the graduated
cylinder, and slide a
metal key into the
cylinder.

3. Carefully read the new
level of water in the
cylinder, and record
your results.

4. Calculate the volume of
water displaced by the key.

5. Using your results, calculate
the volume of the key.

Figure 4 The 12-sided object
displaced 4.0 mL of water.
What is the volume of the
12-sided object? What are
the correct units to describe

this volume?

—> == '
54.0 mL
50.0 mL - -
L1 »
" "
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mass (MAS) a measure of the
amount of matter in an object

weight (WAYT) a measure of the
gravitational force exerted on an
object; its value can change with the
location of the object in the universe

@TILX) Dpifferences Between Mass and Weight

Mass

® Mass is measured by using a
balance (shown below).

Matter and Mass

Another characteristic of all matter is mass. Mass is a meas-
ure of the amount of matter that makes up an object. For
example, you and a peanut are made of matter. But you are
made up of more matter than a peanut is, so you have greater
mass. The mass of an object does not change when the object’s
location changes. The mass of an object changes only when
the amount of matter that makes up the object changes.

The Difference Between Mass and Weight

The terms mass and weight are often used as though they
mean the same thing, but they do not. Weight is a measure
of the gravitational (Grav i TAY shuhn uhl) force on an object.
Gravitational force keeps objects on Earth from floating into
space. The gravitational force between an object and Earth
depends partly on the object’s mass. The greater the mass of an
object, the greater the gravitational force on the object and the
greater the object’s weight. But an object’s weight can change
depending on the object’s location. An object would weigh less
on the moon than it does on Earth because the moon has less
mass—and therefore less gravitational force—than Earth does.
Figure 5 explains the differences between mass and weight.

® Mass is expressed in kilograms (kg),

grams (g), and milligrams (mg).

® |ass is a measure of the amount

of matter in an object.
® Mass is constant for an object no

matter where the object is located. |

Weight
® Weight is measured by using
a spring scale (shown above).

® \\eight is expressed in
newtons (N).

® \\eight is a measure of the
gravitational force on an object.

® \Weight varies depending on
where the object is in relation
to Earth (or any large body).

82 Chapter 3 Properties of Matter
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Measuring Mass and Weight

The brick and the sponge in Figure 6 have the same volume.
But because the brick has greater mass, a greater gravitational
force acts on the brick than on the sponge. As a result, the
brick weighs more than the sponge.

The SI unit of mass is the kilogram (kg). Mass is also
expressed in grams (g) and milligrams (mg). These units can
be used to express the mass of any object. Weight is a mea-
sure of gravitational force. The SI unit of force is the newton
(N). One newton is equal to the weight on Earth of an object
whose mass is about 100 g.

NNl NE 149 What units are often used to express mass?

(e)8.8.b

Figure 6 The brick and the
sponge take up the same amount
of space. But the brick contains
more matter, so its mass—and
thus its weight—is greater.

" SECTION

Using Vocabulary

@ Use volume and meniscus in the
same sentence.

INTERPRETING GRAPHICS The
table below lists measurements for
three blocks of wood. Use the table
to answer the next two questions.

Review

© Write an original definition for
matter, mass, and weight.

Understanding Concepts

Summary,

Wood Area of the

block base (m?) Height (m)

B1 36 4

® Two properties of matter © Identifying What units can be B2 16 9

are volume and mass. used to express the volume 3 p =
of a solid? =

® Volume is the amount of

space taken up by an object. O Analyzing Shapes Find the vol-

ume of B1 and of B2.

Critical Thinking

O Evaluating Data A nugget of

® Mass is a measure of the

t of matter i .
amount of matter in-an © Analyzing Shapes If the three

object.

® The S| unit of volume is the

liter (L). The SI unit of mass
is the kilogram (kg).

® \Weight is a measure of the
gravitational force on an
object, usually in relation to
Earth. Weight is expressed in
newtons (N).

gold is placed in a graduated
cylinder that contains 85 mL

of water. The water level rises
to 225 mL after the nugget is
added to the cylinder. What is
the volume of the gold nugget?

o

Identifying Relationships Do
objects that have large masses
always have large weights?
Explain your answer.

blocks have equal volumes, what
is A, the area of the base of B3?

Challenge

© Applying Concepts Compare
an elephant'’s weight on the
moon with its weight on Earth.
Explain your answer.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: What Is Matter?
SciLinks code: HY71662




What You Will Learn

® Examples of physical properties
are melting temperature, density,
hardness, thermal conductivity,
and electrical conductivity.

® Density is the amount of matter
in a given space or volume.

® A physical change does not change
the identity of the matter that
undergoes the change.

® Melting, freezing, cutting, bending,
and dissolving are physical changes.

Why It Matters
Understanding the physical properties
of matter can help you understand the
physical changes that you observe in
the matter around you.

Vocabulary

* physical property
* density

* physical change

READING STRATEGY

Asking Questions Read this section
silently. In your Science Journal, write
down questions that you have about
this section. Discuss your questions in
a small group.

Figure 1 Asking questions
about the physical properties
of an object can help you

identify it.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal and
electrical conductivity.

8.8.a Students know density is mass per

unit volume.

8.8.b Students know how to calculate the density
of substances (regular and irregular solids and
liquids) from measurements of mass and volume.
8.8.d Students know how to predict whether an
object will float or sink.

84 Chapter 3

Physical Properties

Key Concept Physical properties of matter can
be observed or measured without changing the
matter’s identity.

P> Have you ever played the game called 20 Questions? The goal
of this game is to figure out what object a person is thinking of
by asking him or her no more than 20 yes-or-no questions.
What should you ask about? You may want to ask about the
physical properties of the object. Knowing about the physical
properties of an object can help you identity the object.

Identifying Physical Properties

The questions in Figure 1 ask about four characteristics of
an object: color, odor, mass, and volume. These characteristics
are physical properties of matter. A physical property of matter
is a characteristic that can be observed or measured without
changing the matter’s identity. For example, you can see an
apple’s color or measure an apple’s volume without changing
the apple’s identity. Figure 2 shows six physical properties.

Other physical properties—such as magnetism, electrical
conductivity, strength, and flexibility—can help you identify
ways to use a substance. Think of a scooter that has an elec-
tric motor. The magnetism produced by the motor is used to
convert energy stored in the scooter’s battery into energy that
turns the scooter’s wheels.

Lt e ye® List four physical properties. (sm)8.%.c

CouLb | HOLD IT IN MY HAND? YES.
DOES IT HAVE AN ODOR? YES.
IS IT SAFE TO EAT? YES.
Is 1T orRANGE? No.
Is 1T yELLow? No.
Is 1T RED? YES.
IS IT AN APPLE? YES!




@TLYD Examples of Physical Properties

Thermal conductivity

(kAHN duhk TIV uh tee) is the
rate at which a substance
transfers heat. Plastic foam
is a poor conductor of heat.

Malleability (vAL ee uh BIL uh tee)
is the ability of a substance to be
rolled or pounded into various
shapes without breaking. Alumi-
num can be rolled into foil sheets.

- Ductility (duhk TIL uh tee) is
the ability of a substance to
be pulled and made into wire.
Because it is ductile, copper is
often used to make wire.

State is the physical form in

which a substance exists, such
B - as a solid, liquid, or gas. Ice is
& '1{ water in the solid state.

Density

Density is a physical property that describes the relationship
between mass and volume. Density is the amount of matter in
a given space or volume. A golf ball and a table-tennis ball
have similar volumes, as Figure 3 shows. But a golf ball has
more mass than a table-tennis ball does. So, the golf ball has
a greater density than the table-tennis ball does.

To find an object’s density (D), first measure its mass ()
and volume (V). Then, use the equation below.

m
b=v

Units for density consist of a mass unit divided by a volume
unit. The density units most often used are grams per cubic
centimeter (g/cm®) for solids and grams per milliliter (g/mL)
for liquids. The density of a given substance remains the same
no matter how much of the substance you have. That is, the
density of 1 cm® of a substance is equal to the density of 1 km®

of that substance.

NNl N9 [Fd® What is density, and how do you calculate it?
(m)8.8.2, 8.8.b

Solubility (saHL yoo BIL uh tee)
is the ability of a substance to

dissolve in another substance.

Flavored drink mix dissolves

in water.

Density is the mass per unit
volume of a substance. Lead is
very dense, so it makes a good
sinker for a fishing line.

physical property (FIZ i kuhl
PRAHP uhr tee) a characteristic of
a substance that does not involve
a chemical change, such as density,
color, or hardness

density (DEN suh tee) the ratio of
the mass of a substance to the vol-
ume of the substance

mass = 46 g

mass =3 g

Figure 3 A golf ball is denser
than a table-tennis ball because
the golf ball contains more
matter in a similar volume.
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Calculating Density Now It’s Your Turn
What is the density of an object whose mass is 1. Find the density of a substance
25 g and whose volume is 10 cm?? that has a mass of 36 g and a

Step 1: Write the equation for density.

volume of 5 cm?®. (Hint: Make
sure that your answer’s units are

D= YL units of density.)
4 2. Suppose that you have a lead ball
Step 2:Replace m and V with the measurements whose mass is 454 g. What is the
given in the problem, and solve. ball’s volume? (Hint: Use Table 1
25 below.)
. g3 = 2.5 g/cm’ 3. What is the mass of a 15 mL
10 cm

The equation for density can also be rearranged
to find mass or volume, as shown.

sample of mercury?

4. Find the density of an unknown
sample of rock that has a mass
of 11 g and displaces 20 mL

m = D X V (Rearrange by multiplying by V) of water.
V= ]r)_n (Rearrange by dividing by D.)

ScHooL to Hope,

Twenty Questions

Play the game 20 Questions
with an adult. Have one per-
son think of an object, and
have the other person ask
yes-or-no questions about it.
Write the questions in your
Science Journal as you play.
Put a check mark next to
the questions asked about
physical properties. When the
object is identified or when
20 questions have been
asked, switch roles.

AeTiViTyy

Using Density to Identify Substances
Density is a useful physical property for identifying sub-
stances. At a given temperature and pressure, a substance

maintains a constant density. Table 1 shows the densities of
several substances.

Density of Solids

Which would you rather carry around all day: 1 kg of lead
or 1 kg of feathers? They have the same mass, so their masses
do not make one easier to carry than the other. But lead is
denser than feathers. A kilogram of lead has a volume smaller
than a stick of butter. A kilogram of feathers has the volume
of a bed pillow. This difference in volume makes the lead less
awkward to carry than the feathers.

@2 Densities of Common Substances*

Density* Density*
Substance (g/cm?) Substance (g/cm?)
Helium (gas) 0.0001663 Zinc (solid) 7.13
Oxygen (gas) 0.001331 Silver (solid) 10.50
Water (liquid) 1.00 Lead (solid) 11.35
Pyrite (solid) 5.02 Mercury 13.55
(liquid)

*at 20°C and 1.0 atm
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Density, Floating, and Sinking

Knowing the density of a substance can tell you if
the substance will float or sink in water. If the density
of an object is less than the density of water, the object
will float. Cork, most woods, and some plastics are less
dense than water. So, they float in water. On the other Least
hand, an object whose density is greater than the den- dense
sity of water will sink in water. Most rocks and metals
are denser than water. So, they sink.

MLl Ne 199 How can you use density to predict
whether an object will float or sink? (m8.8.d

Corn oil
Water
Shampoo

Dish detergent

Liquid Layers

What do you think causes the liquids in Figure 4 Y Antifreeze
to look the way they do in the graduated cylinder? Most
Does trick photography make them look that way? No, dense Maple syrup
differences in density do! Six liquids are in the gradu- gt ™,
ated cylinder. Each liquid has a different density. If the Q_H__-_________::f
liquids are carefully poured into the cylinder, they form
six layers because of the differences in density. The Figure 4 This graduated cylinder
densest layer is on the bottom. The least dense layer is contains six liquids that form six layers

because of the densities of the liquids.

on the top. The order of the layers helps you see how . . .
o o i The layers are in order of increasing
the liquids’ densities compare with one another. density from the top to the bottom.
Finding the Density g
8.8.a
of Unknown Metals 8.8
In this activity, you will use measurements of 5. Calculate the volume of the object. Record LA
mass and volume to calculate the density of your results.
several metal objects. 6. Repeat steps 1-5 for each metal object.
P Try It! » Think About It!
the properties that you observe. density of each metal object.
2. Measure the mass of the object by using a 8. List the objects in order of least to
triple-beam balance. Record the mass. greatest density. -
3. Fill a graduated cylinder about halfway 9. Is one or more of the objects most
with water. Read the volume at the menis- likely made of lead? Explain your
cus, and record your reading. answer. (Hint: Lead has a density of
4. Tip the cylinder, and gently slide the metal 11.35 g/cm?.) -2
object into the cylinder. Read the new vol- / '.
ume, and record your reading. . o -
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@TLXD Examples of Physical Changes

A change from a solid This aluminum can has gone
through the physical change
of being crushed. The identity
of the can has not changed.

to a liquid is a physi- -
cal change. All changes
of state are physical

changes.

physical change (FIZ i kuhl CHAYNJ)
a change of matter from one form to
another without a change in chemi-

cal properties

88
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Physical Changes: No New Substances

A change that affects one or more physical properties of a
substance is a physical change. Imagine that a piece of silver is
pounded and made into a heart-shaped charm. This change
is a physical one because only the shape of the silver has
changed. The piece of silver is still silver. The identity of the sub-
stance is the same. Figure 5 shows more examples of physical
changes.

Ml N@ 199 How are a substance and its physical properties
affected during a physical change? (m8.7.c

Examples of Physical Changes

Water freezing to become ice cubes and a piece of wood
changing shape as a result of being sanded are examples of
physical changes. Such changes do not change the identities
of the substances. Ice is still water. And sawdust is still wood.
Also, an interesting physical change takes place when one
substance dissolves in another substance. For example, when
sugar dissolves in water, the sugar seems to disappear. But if the
mixture is heated, the water evaporates, and the sugar is still
there in the pan. So, sugar dissolving is a physical change.

Reversibility of Physical Changes

Because physical changes do not change the identity of a
substance, they are sometimes easy to undo. If you make a
bowl from a lump of clay, you change the clay’s shape and
thus cause a physical change. But because the identity of the
clay does not change, you can crush your bowl and form the
clay into its original shape.

Properties of Matter



Matter and Physical Changes

Physical changes do not change the identity
of the matter. A stick of butter can be melted
and poured over a bowl of popcorn, as shown
in Figure 6. Although the shape of the butter has
changed, the butter is still butter, so a physical
change has happened. In the same way, if you cut
the shape of a star out of a piece of paper, you
change the paper’s shape and cause a physical
change. But the identity of the paper does not
change. The star and the piece of paper have the
same identity—both are paper.

-

SECTION

Review

8.7.c, 8.8.a, 8.8.b,
) 8.8.d, 8.9.f

® Physical properties of
matter can be observed
without changing the
identity of the matter.

® Examples of physical
properties are melting
temperature, density, hard-
ness, thermal conductivity,
and electrical conductivity.

® Density is the amount of
matter in a given space.

® Density can be used to iden-
tify substances because the
density of a substance is
constant at a given pressure
and temperature.

® When a substance under-
goes a physical change, its
identity stays the same.

® Physical changes include
dissolving, cutting, bending,
freezing, and melting.

Figure 6 When

it melts, butter for
popcorn undergoes
a physical change.

Using Vocabulary Critical Thinking

© Use physical property and
physical change in separate
sentences.

© Applying Concepts How can
you determine that a coin is not
pure silver if you know the mass
and volume of the coin?

Understanding Concepts © !dentifying Relationships

What physical property do water,
oil, mercury, and alcohol share?

© Using Equations What is the
density of an object that has a
mass of 350 g and a volume of

95 cm?? Will the object float in
water?

Challenge

© Comparing Explain why a golf
ball is heavier than a table-tennis
ball even though the balls are
the same size.

© Describing Explain what hap-
pens to a substance when it
goes through a physical change.

INTERPRETING GRAPHICS Use
the table below to answer the next
two questions.

Substance Density* (g/cm?)
Zinc (solid) 713 © Analyzing Processes Write a

. . step-by-step process for finding
Silver (SO!Id) 10.50 the density of an unknown liquid.
Lead (solid) 11.35 List the laboratory equipment

*at 20°C and 1.0 atm

needed for each step.

O \dentifying Suppose that 273 g
of one of the substances listed
above displaces 26 mL of water.
What is the substance?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Physical Changes " N
SciLinks code: HY71142 ’

© Evaluating How many milliliters
of water would be displaced by
408 g of lead?




What You Will Learn

® Examples of chemical properties
are reactivity and flammability.

® A chemical change is the process
by which a substance changes into
a new substance.

® Chemical changes usually liberate
or absorb heat.

Why It Matters
Understanding the chemical properties
of matter can help you understand
how new substances form from other
substances.

Vocabulary
* chemical property
* chemical change

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Venn Diagram that
compares types of changes that matter
can undergo.

Wordwise flammability
The root flamm- means “to burn”
or "flame”

The bumper on this car still looks new
because it is coated with chromium.

Chromium has the chemical property
of nonreactivity with oxygen.

8.5.a Students know reactant atoms and
molecules interact to form products with different
chemical properties.

8.5.¢ Students know chemical reactions usually
liberate heat or absorb heat.

8.5.d Students know physical processes include
freezing and boiling, in which a material changes
form with no chemical reaction.

90 Chapter 3

Properties of Matter

Chemical Properties

Key Concept A chemical property describes the ability of
a substance to change into a new substance.

P How would you describe a piece of wood before and after it
is burned? Did burning change the wood’s color? Did burning
change the wood’s texture? The piece of wood changed, and
physical changes alone do not account for all of the ways in
which the wood changed.

Identifying Chemical Properties

Physical properties are not the only properties that describe
matter. Chemical properties describe matter based on its ability
to change into new matter, or matter whose identity differs
from the identity of the original matter. One chemical property
is reactivity. Reactivity is the ability of a substance to change
into one or more new substances. The photo of the old car
in Figure 1 shows reactivity and nonreactivity.

A kind of reactivity is flammability. Flammability is the abil-
ity of a substance to burn. Wood has the chemical property of
flammability. When wood is burned, it becomes ash, smoke, and
other substances. The properties of these new substances differ
from the properties of the wood. Ash and smoke cannot burn,
so they have the chemical property of nonflammability.

NNl NE 199 Why is reactivity not a physical property?
(m8.5.

@YD Reactivity with Oxygen

The iron used in this old car has the chemical
property of reactivity with oxygen. When iron
is exposed to oxygen, the iron rusts.




@77 Physical Properties Versus Chemical Properties

Physical property Chemical property

Reactivity with Oxygen
Shape Bending an iron An iron nail can react with
nail will change its shape. oxygen in the air to form
iron oxide, or rust.

State Rubbing alcohol is Flammability Rubbing
a clear, colorless liquid at alcohol is able to
room temperature. burn easily.

Comparing Physical and Chemical Properties

How can you tell that a property is a physical property
and not a chemical property? If the property is a physical chemical property (KEM i kuhl
property, you can observe that property of a substance without PRAHP uhr tee) a property of matter
. . . that describes a substance’s ability to
changing the identity of the substance. For example, you can . . . .
. . ) . participate in chemical reactions
find the density and hardness of wood without changing the
wood into another substance.
Chemical properties, however, are not as easy to observe.
For example, you can see that wood is flammable only while
it is burning. And you can observe that gold is nonflammable
only when you try to burn it and it does not burn. But a
substance always has chemical properties. A piece of wood is
flammable even when it is not burning. Figure 2 shows kinds
of physical properties and chemical properties.

Characteristic Properties

Properties that are most useful in identifying a substance
are called characteristic properties. Such properties are constant
even if the sample size changes. Characteristic properties can
be physical properties, such as density, or chemical properties,
such as reactivity. Scientists rely on characteristic properties to
identify and classify substances.

Section 3 Chemical Properties 91



chemical change (KEM i kuhl
CHAYNYJ) a change that occurs when
one or more substances change into
entirely new substances with
different properties

L.

Hot gas that forms when
hydrogen and oxygen join to
make water helps blast the
space shuttle into orbit.

92 Chapter 3 Properties of

Chemical Changes and New Substances

A chemical change happens when one or more substances
change into new substances that have new and different prop-
erties. Chemical changes and chemical properties are not the
same. The chemical properties of a substance describe which
chemical changes can happen and which chemical changes
cannot happen to that substance. But chemical changes are
processes by which substances change into new substances. You
can learn about a substance’s chemical properties by observing
which chemical changes that substance can undergo.

You see chemical changes more often than you may think.
For example, a chemical change happens every time a battery
is used. Chemical changes also take place within your body
when the food you eat is digested. Figure 3 describes other
chemical changes.

MLl Ne 149 How does a chemical change differ from a chemi-
cal property? ([ms.5.a

@ TIZEP Examples of Chemical Changes

- 4
—
Effervescent tablets
bubble when the citric
acid and baking soda
in them react in water.

Soured milk smells bad
because bacteria have formed
smelly new substances in it.

The Statue of Liberty is
made of copper, which
is orange-brown. But this
copper is green because of
its interactions with moist
air. These interactions are
chemical changes that form
copper compounds. Over time, the
compounds turn the statue green.




What Happens During a Chemical Change?

A fun way to see what happens during chemical changes is
to bake a cake. You combine eggs, flour, sugar, and other ingre-
dients, as shown in Figure 4. When you bake the batter, you
end up with a substance that is very different from the batter.
The heat of the oven and the interaction of the ingredients
cause a chemical change. The result is a cake that has proper-
ties that differ from the properties of the raw ingredients.

Signs of Chemical Changes

Look back at Figure 3. In each picture, at least one sign
indicates a chemical change. These signs include a change in
color or odor, fizzing and foaming, and sound or light being
given off. Also, chemical changes usually liberate or absorb heat.
Liberate means “to release.” An increase in temperature takes
place when a chemical change liberates heat. But a decrease
in temperature occurs when a chemical change absorbs heat.

MLl NE 199 Why do changes in temperature often happen
during chemical changes? [g)8.5.c

Matter and Chemical Changes

When matter undergoes a chemical change, its identity
changes. So, most chemical changes in ordinary tasks, such
as baking a cake, are irreversible. Imagine unbaking a cake!
But some chemical changes can be reversed by other chemical
changes. For example, when an electric current is applied to
water formed from hydrogen and oxygen in a space shuttle’s
rockets, the water again splits into hydrogen and oxygen.

Figure 4 Each of the original
ingredients has different
physical and chemical
properties than the final
product, the cake, does.

WIERNET ReTiViTyy

My New Material

Can you think of a new
and useful material? Create
a new substance, and
describe its properties. Go
to go.hrw.com, and type in
the keyword HY7MATW.

Section 3 Chemical Properties
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@TLX) Physical and Chemical Changes

A B

~— ~—

Change in Texture Reactivity with Vinegar
Grinding baking soda into A chemical change hap-
a fine, powdery substance pens and gas bubbles are
is a physical change. produced when vinegar is

poured into baking soda.

Physical Versus Chemical Changes

When trying to decide if an object has undergone a physical
or chemical change, ask yourself, Did the object’s composi-
tion change? Composition is the type of matter that makes up
the object and the arrangement of the matter in the object.
Figure 5 shows a physical change and a chemical change.

Physical changes do not change matter’s composition. Water
is composed of two hydrogen atoms and one oxygen atom.
When water freezes or boils, its composition does not change.
So, freezing and boiling are physical changes. But chemical
changes do alter the composition of a substance. A chemical
change would change water into another substance.

NNl N9 d9 Explain why freezing and boiling are physical
changes. (m/8.5.d

Physical or Chemical Change? ol o o
1. Watch as your teacher places a burning W L 5.

94

wooden stick into a test tube. Record your

observations.

. Place a mixture of sand and iron filings
in a plastic bag, and seal the bag. Place a
bar magnet on top of the bag, and try to

separate the iron from the sand.

» ‘.
- ¢

4. For each step, identify which kind of change

i

. Drop an effervescent tablet into a beaker happens: a physical change or a chemical

of water. Record your observations. change. Explain your answers.

Chapter 3 Properties of Matter



Reversing Changes

Can physical and chemical changes be reversed?
Many physical changes are easily reversed. They
do not change the composition of a substance.
If an ice cube melts, you could freeze the liquid
water to make another ice cube. But composition
does change during a chemical change. So, most
chemical changes are not easily reversed. Look at
Figure 6. The chemical changes that happen when
a firework explodes would be almost impossible to
reverse, even if you collected all of the materials
made in the chemical changes.

Figure 6 This display of fireworks
represents many chemical changes
happening at the same time.

-

SECTION
Review

8.5, 85.c,
) 8.5.d

® Chemical properties describe
the ability of a substance
to change into a new
substance.

Using Vocabulary © Applying Concepts Is melting

a physical change or a chemical
change? Explain your answer.

L Mathskills
© Evaluating Data The tempera-
ture of an acid solution is 25°C.
A strip of magnesium is added
to the solution, and the tempera-
ture rises 2°C per min for the
first 3 min. After an additional

5 min, the temperature has risen

another 2°C. What is the final
temperature of the solution?

Challenge

© Write an original definition for
chemical property and chemical
change.

© Comparing Explain why rusting
is a chemical change and not a
physical change.

© Describing  Write two examples
of chemical properties, and
explain why they are chemical

® The chemical properties of properties.

a substance describe how
the substance will behave
under conditions that favor a
chemical change.

® Reactivity and flammability

O Applying Originally, the Statue
of Liberty was copper colored.
After being exposed to air, she
turned green. What kind of
change happened? Explain.

© Analyzing Processes As a
candle burns, chemical changes

are chemical properties.

® New substances form as a
result of a chemical change.

® Chemical changes usually
liberate or absorb heat.

® Chemical changes alter the
composition of a substance.

© Summarizing What are two

ways that heat can be involved

in a chemical change?

Critical Thinking

© Making Comparisons Describe
the difference between physical
and chemical changes in terms
of what happens to the matter
involved in each kind of change.

take place. Describe two of these
changes, and explain how you
know that these changes are
chemical changes and not
physical changes.

Internet Resources
For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Describing Matter
SciLinks code: HY70391




Skills Practice [1£)

“a
L OBJECTIVES

Describe the physical
properties of four substances.

Identify physical and chemical
changes.

Classify four substances by

their chemical properties.
L MATERIALS _

« baking powder

« baking soda

« carton, egg, plastic-foam

e cornstarch

e eyedroppers (3)

« iodine solution

e spatulas, metal (4)

e stirring rod

e sugar

e vinegar

e water

SAFETY

el

8.5.a Students know reactant atoms and
molecules interact to form products with different
chemical properties.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal

and electrical conductivity.

96 Chapter 3

Classifying Substances

You have learned how to describe matter based on its physical
and chemical properties. You have also learned signs that can
help you determine whether a change in matter is a physical
change or a chemical change. In this lab, you will use what you
have learned to describe four substances and their properties
based on the changes that the substances undergo.

Procedure

0 Copy Table 1 and Table 2 shown on the next page. Be sure
to leave plenty of room in each box to write down your
observations.

© Use a spatula to place a small amount of baking powder into
three cups of your egg carton. Use just enough baking powder
to cover the bottom of each cup. Record your observations
about the baking powder’s appearance, such as color and tex-
ture, in Table 1 in the column labeled “Unmixed.”

o Use an eyedropper to add 60
drops (about 3 mL) of water to
the baking powder in the first cup.
Stir with the stirring rod. Record
your observations in Table 1 in the
column labeled “Mixed with water.”
Clean your stirring rod.




o Use a clean dropper to add 20 drops of vin-
egar to the second cup of baking powder. Stir.
Record your observations in Table 1 in the col-
umn labeled “Mixed with vinegar.” Clean your
stirring rod.

0 Use a clean dropper to add 5 drops of iodine
solution to the third cup of baking powder.
Stir. Record your observations in Table 1 in the
column labeled “Mixed with iodine solution.”
Clean your stirring rod. Caution: Be careful
when using iodine. lodine will stain your skin
and clothes.

o Repeat steps 2-5 for each of the other sub-
stances (baking soda, cornstarch, and sugar).
Use a clean spatula for each substance.

Analyze the Results

@ Analyzing Data In Table 2, write the type of
change that you observed for each substance
(physical or chemical). State the property that
the change demonstrates.

Draw Conclusions

@ Making Predictions Suppose that you have
a mixture of two substances. The mixture turns
black when it is mixed with iodine and bubbles
when it is mixed with water and vinegar. What
two substances are in the mixture?

Big Idea Question

© Drawing Conclusions How can you describe
each of the four substances in terms of the
chemical property of reactivity?

[ Table 1 N0 S LD

Substance Unmixed

Mixed with water

Mixed with
Mixed with vinegar | iodine solution

Baking powder

Baking soda

Cornstarch

Sugar

[ Table 2 ] Changes and Properties

Mixed with water

Mixed with vinegar

Mixed with iodine solution

Substance Change | Property

Change

Property | Change Property

Baking powder

Baking soda

Cornstarch

Sugar

Chapter Lab 97



Science Skills Activity

Scientific Data
Methods Analysis Graphs ~ Calculation

Investigation and Experimentation
&) 8.9.f Apply simple mathematical
relationships to determine a missing quantity in

u Si“ g a Th ree'va ria bl e Eq u ation a mathematic expression, given the two

remaining terms (including speed = distance/
time, density = mass/volume, force = pressure

» Tlltorial X area, volume = area x height).
Procedure © To rearrange the equation to solve for volume,
A three-variable equation can be rearranged and divide both sides of the equation for mass by
used to solve for any of the variables in the equa- density.
tion. The equation for density is an example of a
three-variable equation. V= %
@ The equation for density is arranged to calcu-
late density. Analysis
p=mn © Using Equations To determine which form
|4 of the equation you should use to solve a

problem, read the question carefully. The ques-
tion will ask you to find one of the variables.
Choose the form of the equation that is used
to solve for that variable.

@ To rearrange the equation to solve for mass,
multiply both sides of the equation by volume.

m=D XYV

P> You Try It!

Procedure

Use the equation for density to answer the follow-
ing questions. Show all of your work, including
the work that you do to rearrange the equation, if
necessary.

Analysis

@ Using Equations If a 16.9 cm® cube of ice
has a mass of 15.5 g, what is the density of
the ice?

@ Using Equations A piece of metal has a den-
sity of 11.3 g/cm® and a volume of 6.7 cm”.

What is the mass of this piece of metal? . T e

© Using Equations Tin has a density of 50.0 mL . « 540 mL
3 - - -

731 g/cm”. What is the volume of a piece . '

of tin whose mass is 18.3 g? ¢ J
@ Using Equations Suppose that the 12-sided . d

object shown in the image at right has a mass .

of 5.4 g. What is the density of the object? . r | )’ L

98 Chapter 3 The Properties of Matter



go.hrw.com

SUPER SUMMARY

The Big Idea

o What Is Matter?

Key Concept Matter is anything
that has mass and takes up space.
Matter can be described in terms of
its volume, mass, and weight.

@ All matter has volume and mass.

® Volume is the amount of space taken up
by an object.

® \Mass is a measure of the amount of matter
in an object.

® \Weight is a measure of the gravitational
force exerted on an object.

Physical Properties

Key Concept Physical properties of
matter can be observed or measured
without changing the matter’s identity.

® Examples of physical properties are melting
temperature, density, hardness, thermal
conductivity, and electrical conductivity.

® Density is the amount of matter in a
given space or volume.

® A physical change does not change the identity

of the matter that undergoes the change.

® \Melting, freezing, cutting, bending, and dissolving

are physical changes.

&) Chemical Properties

Key Concept A chemical property
describes the ability of a substance
to change into a new substance.

@ Examples of chemical properties are
reactivity and flammability.
® A chemical change is the process by

which a substance changes into a
new substance.

® Chemical changes usually liberate or
absorb heat.

Matter is described by its properties
and may undergo changes.

CVocabulary _

matter p. 78
volume p. 78
meniscus p. 79
mass p. 82
weight p. 82

4—;—»

Ty 1M

A box whose sides are 1 m
long has a volume of 1 m’.

physical property
p. 84
density p. 85
physical change p. 88
The physical
property of density
allows liquids to
form layers.
'. -

chemical property
p. 90

chemical change p. 92

Rubbing alcohol is a clear liquid
that has the chemical property
of flammability.

Chapter Summary 929



Double Door Review the Fold-
Note that you created at the
beginning of the chapter. Add to
or correct the FoldNote based on
what you have learned.

Using Vocabulary

© Academic Vocabulary In the sentence,
“Chemical changes usually liberate or absorb
heat,” what does the word liberate mean?

© Use physical property, chemical property,
physical change, and chemical change in
separate sentences.

For each pair of terms, explain how the meanings
of the terms differ.

© mass and weight
O volume and density

Understanding Concepts

Multiple Choice

© Which of the following properties is a physical
property?
a. reactivity with oxygen
b. malleability
¢. flammability
d. reactivity with acid

© Volume can be expressed in any of the
following units EXCEPT
a. grams.
b. liters.
c. milliliters.
d. cubic centimeters.

© What is the S unit for mass?
a. gram
b. liter
c. milliliter
d. kilogram

100 Chapter 3 Properties of Matter

8.5.a, 8.5.¢, 8.5.d, 8.7.¢,

© The best way to measure the volume of an
irregularly shaped solid is to use
a. a ruler to measure the length of
each side of the object.
b. a balance.
¢. the water displacement method.
d. a spring scale.

© Which of the following statements
about density is true?
a. Density is expressed in grams.
b. Density is mass per unit volume.
¢. Density is expressed in milliliters.
d. Density is a chemical property.

Short Answer

@ Listing List two characteristic properties
of matter.

@ Comparing Explain how the process of
measuring a liquid’s volume differs from the
process of measuring a solid’s volume.

INTERPRETING GRAPHICS Use the image below
to answer the next two questions.

Corn oil

Water

Shampoo

Dish
detergent

Antifreeze

Maple syrup

=
4 !-_-l" '.’\.

E =

@ Analyzing How does the density of dish
detergent compare with the density of water
and maple syrup?

@® Applying How would the layers appear in a
graduated cylinder that contained only sham-
poo, corn oil, and antifreeze?



INTERPRETING GRAPHICS Use the photograph
below to answer the next four questions.

@ Listing List three physical properties of
this aluminum can.

@ Cclassifying When this can was crushed, did
it undergo a physical change or a chemical
change?

@ Analyzing How does the density of the
metal in the crushed can compare with the
metal’s density before the can was crushed?

@ Concluding Can you determine the can’s
chemical properties by looking at the picture?
Explain your answer.

@ Technical Writing Write a set of instructions
that describe how to find the density of an
object. Write the instructions so that they work
for a regularly shaped object and for an irregu-
larly shaped object. List the materials needed
and the sequence of steps to follow.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: matter, mass,
volume, milliliters, and cubic
centimeters. O O

@ Making Inferences You mix two substances
in a beaker and expect them to undergo a
chemical change. The temperature of the mix-
ture does not change. Has a chemical change
occurred? Explain your answer.

INTERPRETING GRAPHICS Use the graph below
to answer the next two questions.

Mass Vs. Volume for Aluminum and Water

35
30

25
20

15

Mass (g)

01 2 3 45 6 7 8 91011

Volume (cm?3)

€ Identifying Relationships What do the
slopes of each line represent?

@ Applying Concepts Which substance has
the greater density?

@ Using Equations What is the volume of a
book that has a width of 10 cm, a length that
is 2 times the width, and a height that is half
the width? Express your answer in cubic units.

@ Using Equations A jar contains 30 mL of
glycerin (whose mass is 37.8 g) and 60 mL of
corn syrup (whose mass is 82.8 g). Which
liquid is on top? Explain your answer.

Challenge

@ Analyzing Processes You are making break-
fast for your friend Filbert. When you take the
scrambled eggs to the table, he asks, “Would
you please poach these eggs instead?” Use the
ideas of chemical change and physical change
to give Filbert a scientific reason that you are
unable to poach the eggs.

Chapter Review



StandardsJAsse

5.1.¢, 5.1.d, 5.1.f, 5.Li,
m 8.5.a, 8.5.¢, 8.5.d, 8.7.¢,
& 8.8.a, 8.8.b, 8.8.d

REVIEWING ACADEMIC VOCABULARY
o Which of the following words is the
closest in meaning to “size™?
A amount
B density
C volume

D mass

o In the sentence “The process of burning
wood liberates heat,” what does the
word liberates mean?

A steals
B releases
C creates

D imitates

o In the sentence “Ash is formed by the
chemical reaction between wood and
fire,” what does the term chemical
reaction mean?

A a process that changes the molecular
composition of a substance

B a process of igniting something,
burning it, and recording the results

C a process that affects the appearance
but not the molecular structure

D a process of using chemicals to break
down molecular structures

o In the sentence “Density is a physical
property,” what does the term
physical mean?

A having to do with chemicals
B having to do with volume
C having to do with the body

D having to do with matter

102 Chapter 3 Properties of Matter

REVIEWING CONCEPTS

e Which physical property of an object can
be determined by dividing its mass by its
volume?

A weight
B density
C ductility
D state

H

.

Y l
=;

W

L ™

}: 4cm
w

0 What is the volume of the solid pictured
above?

A 12 cm?
B 12cm?
C 36cm?
D

36 cm?

o Which of the following is a chemical
property that describes copper?

A conductive
B ductile
C soluble

D reactive

0 Which of the following describes signs
that a chemical change is occurring?

A A substance changes shape or state.
B A substance gives off or absorbs heat.
C A substance is dense and malleable.

D A substance is flammable and reactive.




Densities of Common Substances*

Substance Iz;;‘cs:,y)* Substance ?;/ncs;tsy)*

Helium (gas) 0.0001663 | Zinc (solid) 7.13

Oxygen (gas) 0.001331 Silver (solid) 10.50

Water (liquid) 1.00 Lead (solid) 11.35

Pyrite (solid) 5.02 Mercury 13.55
(liquid)

*at 20°C and 1.0 atm

REVIEWING PRIOR LEARNING

@ What properties do the metals aluminum,

copper, silver, and gold have in common?
A They conduct heat and electricity well.
B They are brittle and do not bend easily.
C They do not chemically react.

D They are liquid at room temperature.

A solid sample has a mass of 22.5 g and
displaces 30 mL of water. Use the table
above to determine which sentence best
describes the solid sample.

A ltis denser than mercury.

B Itis less dense than water.
C Itis less dense than helium.
D

It is denser than zinc.

Substances can undergo physical
changes or chemical changes. What is
the difference between these two kinds
of changes?

A A chemical change can often be
undone, and a physical change cannot.

B A physical change cannot be observed
easily, and a chemical change can.

C A chemical change affects only the
physical properties of a substance. A
physical change changes the molecular
structure of a substance.

D A physical change does not affect the
identity of a substance. A chemical
change changes the molecular structure
of a substance.

m Which physical property can you use

to determine if a substance will float
in water?

A density

B volume

C malleability
D

conductivity

@ A student pours a material through
a filter. Some particles get caught in
the filter and some pass through. This
material can be best described as a

A nonmetal.
B mixture.
C metal.
D

compound.

@ Which of the following sentences best
describes table salt, NaCl?

A Table salt is a compound made from
two gases.

B Table salt is a compound made from a
solid and a liquid.

C Table salt is a compound made from
two metals.

D Table salt is a compound made from a
metal and a nonmetal.

@ An element is made up of
A two kinds of atoms.
B one kind of molecule.
C one kind of atom.

D two kinds of molecules.
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Science
in Mﬂ:t:on

Scientific Debate

Paper or Plastic?

What should you choose at the grocery
store: paper bags or plastic bags? Plastic
bags are waterproof and take up less space.
They can be used to line waste cans and to
pack lunches and can be recycled. But mak-
ing 1 ton of plastic bags uses 11 barrels of
oil, which can’t be replaced, and produces
polluting chemicals. On the other hand,
making 1 ton of paper bags destroys 13 to
17 trees, which take years to replace. Paper
bags can be used for lining waste cans and
wrapping packages. Recycling paper pollutes
less than recycling plastic does. What is the
answer? Maybe we should reuse both!

Language Arts B_ﬁ'li!j‘!y

There are advantages and disadvantages of
each kind of bag. In your Science Journal, write
a one-page essay defending your position on
this subject. Support your opinion with facts.

104 Chapter 3 Properties of Matter

Science, Technology,
and Society

Reading a Hidden Text

It seemed like an ordinary old book. But
the parchment pages in the book had once
contained a copy of some writings of Archi-
medes, a mathematician in ancient Greece.
Sadly, these remarkable mathematical
writings had been erased and written over.

Scientists at the Stanford Linear Accelera-
tion Center (SLAC) in Menlo Park, California,
used special equipment to help them read the
erased writings. The ink used in the writings
contained iron. A physical property of iron
is that iron glows when struck with X rays.
So, the SLAC scientists carefully scanned the
parchment with X rays and made images of
the writings from the glowing ink.

Social Studies A livlT}'

Do some research on Archimedes. Who

was he, and what were his most important
discoveries? Create a poster that summarizes
the information that you find.




Careers
Mimi So

Gemologist and Jewelry Designer For gemologist and jewelry designer Mimi So,
a typical day includes deciding which materials she will work with. When she chooses a
gemstone for a piece of jewelry, she must consider the size, hardness, color, grade, and cut
of the stone. When choosing a metal to use as a setting for a stone, she must look at the
hardness, melting point, color, and malleability of the metal. She needs to choose a metal
that not only looks good with a particular stone but also has physical properties that will
work with that stone. For example, So says that emeralds are soft and fragile. A platinum
setting would be too hard and could damage the emerald. Therefore, emeralds are usually
set in a softer metal, such as 18-karat gold.

The chemical properties of stones must
also be considered. Heating can burn or dis-
color some gemstones. So says that because a
pearl is not a stone, you cannot use pearls in
a design that requires you to heat the metal
in the design. Heating would destroy the
pearl.

Math _I,\Eli]!ﬂ y

Gold that is 24-karat (24K) gold is pure
gold. Gold that is 18 parts gold plus 6
parts other metals is 18-karat (18K) gold.
To find the percentage of gold in 18K
gold, divide the number of parts gold
(18) by the total number of parts metal
(24) and multiply by 100%. So, 18/24 =
0.75, and 0.75 x 100% = 75%. Thus,
18K gold is 75% gold. Find the percent-
age of gold in 10K gold and 14K gold.

Internet Resources

© To learn more about © To learn more about ® Check out articles
careers in science, visit ~ these Science in Action related to this chapter
www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7MATF. word HY7MATC.
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Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a comparison table. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make a When to Use a Comparison Table

Comparison Table A comparison table is useful when you want

@ Draw a table like the one shown below. to compare the characteristics of two or more
Draw as many columns and rows as you topics in science. Organizing information in a
want to draw. table helps you compare several topics at one

© In the top row, write the topics that you time. In a table, all topics are described in terms
want to compare. of the same list of characteristics, which helps

you make a thorough comparison. As you read,
look for topics whose characteristics you may
want to compare in a table.

© In the left column, write the general charac-
teristics that you want to compare. As you
read the chapter, fill in the characteristics for
each topic in the appropriate boxes.

Solid Liquid Gas Plasma
\I?;::ge yes yes no no
_E::;:”e yes no no no
Possible meltin freezin
changes of bli 9. 9. condensation
state sublimation evaporation

You Try It!

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own comparison table as directed
in the Reading Strategies for Section g and Section \g). Record your
work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

%

California Standard Academic Vocabulary m

8.3.d Students know the states
of matter (solid, liquid, gas) depend on
molecular motion.

The motion of atoms or molecules that
make up a substance determines whether
the substance is a solid, a liquid, or a gas.

8.3.e Students know that in solids
the atoms are closely locked in position and
can only vibrate; in liquids the atoms and
molecules are more loosely connected and
can collide with and move past one another;
and in gases the atoms and molecules

are free to move independently, colliding
frequently.

In solids, the atoms are held in position and
can only vibrate. In liquids, the atoms and
molecules are more loosely held together
and can bump into and move past one
another. In gases, the atoms and molecules
are free to move around and bump into
each other frequently.

8.5.d Students know physical
processes include freezing and boiling,
in which a material changes form with no
chemical reaction.

physical (FIZi kuhl) of or having to do
with matter or the body

process (PRAH sks) a set of steps, events,
or changes

chemical (KEM i kuhl) of or having

to do with the properties or actions of
substances

reaction (ree AK shuhn) a response or
change

Changes of matter that do not change

the composition of the matter include the
changes from a liquid to a solid and from a
liquid to a gas.

Ej 8.7.c Students know substances can
be classified by their properties, including
their melting temperature, density,
hardness, and thermal and electrical
conductivity.

Different kinds of matter can be grouped

by their characteristics, including the
temperature at which they melt, the amount
of mass per unit volume, their hardness,
and their ability to transfer thermal energy
or electrical energy.
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States of
Matter

The Matter exists in various

- . -
Blg physical states, which are
determined by the movement

Idea of that matter’s particles.

California Standards

Focus on Physical Sciences

8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Sections 1 and 2)

8.5 Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. (Section 2)

8.7 The organization of the periodic table is based on the properties
of the elements and reflects the structure of atoms. (Section 2)

Investigation and Experimentation

8.9 Scientific progress is made by asking meaningful questions and ~ i
conducting careful investigations. (Science Skills Activity) E —- .
Math Organize
6.1.4 Statistics, Data Analysis, and Probability

7.1.2 Number Sense Table Fold
English-Language Arts

8.2.2 Reading
8.2.1 Writing

Before you read the chapter, create

the FoldNote entitled “Table Fold." Label
the columns of the table fold with
“Shape” and “Volume! Label the rows
with “Solid,” “Liquid,” and “Gas.” As you

i read the chapter, write what can happen

About the Photo t? thettshape and volume of each state
This beautiful glass creation by artist Dale orma -er.
Chihuly is entitled Mille Fiori (A Thousand '“_5"“‘-'“;;“5 for cre-
Flowers). The pieces that form the sculpture ating FolcNotes are \

. . e . located in the Study =~ i
were not always solid. Each individual piece skills section on * \ e
started as a blob of melted glass on the end p. 520 of the ] B =
of a hollow pipe. The artist quickly formed Appendix. ,;’*'-ﬁ,,h_
each shape before the molten glass cooled i 4

and became a solid again.
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Explore Activity *

A Change of State

In this activity, you will use rubbing alcohol
(isopropyl alcohol) to investigate a change of state.
Procedure

1. Pour rubbing alcohol into a small plastic cup
until the alcohol just covers the bottom of
the cup.

. Moisten the tip of a cotton swab by dipping
it into the alcohol in the cup.

. Rub the cotton swab on the palm of your hand.
Make sure that there are no cuts or abrasions on
your hand.

. Record your observations.
. Wash your hands thoroughly.

@ 10 min

Analysis

6. Explain what happened to the alcohol
after you rubbed the swab on your hand.

7. Did you feel a sensation of hot or cold? If
so, how do you explain what you observed?

8. Describe the change in the alcohol based on
what happened to its particles.

States of Matter
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What You Will Learn

® All matter is made of particles
that are in constant motion.

® Each state of matter depends on
the motion of its particles.

® In solids, particles can only vibrate;
in liquids, particles can collide with
and move past one another; in
gases, particles are free to move
independently, colliding frequently.

® In plasmas, particles move indepen-
dently and are broken apart.

Why It Matters
Understanding the states of matter
will help you understand natural
processes in the world around you.

Vocabulary

* states of ¢ liquid
matter * gas

« solid * plasma

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table
that compares the motion of particles
in each state of matter.

Four States of Matter

Key Concept Each state of matter has a characteristic
way in which its particles interact.

P You get home from school and decide to make yourself a
snack. There are some leftovers in the refrigerator from your
dinner last night. So, you heat some up in the microwave oven.
As the food heats up, you begin to smell the food. You're also
thirsty, so you put some ice in a glass—clink/—and fill the glass
with water. You take a big gulp—ahhh!

Matter: Moving Particles

The scene described above has examples of the three most
familiar states of matter. Those states of matter are solid,
liquid, and gas. The states of matter are the physical forms of a
substance. The states of matter depend on the motion of
particles.

Matter is made up of very tiny particles called atoms and
molecules (MAHL i xyooLz). Atoms and molecules are in con-
stant motion and are always bumping into each other. The
motion of particles is different for each state of matter. The
way that the particles interact with each other also helps deter-
mine the state of the matter. Figure 1 describes three states of
matter—solid, liquid, and gas—in terms of the motion and
attraction of the particles.

NNl N9 In terms of particles, how does each state of
matter differ from the others? s.s.d

@I TIEP Models of a Solid, a Liquid, and a Gas

‘ || 2 J ' J !}U ‘J
= I el
% Pesss | f S

8.3.d Students know the states of matter (solid,
liquid, gas) depend on molecular motion.

8.3.e Students know that in solids the atoms are
closely locked in position and can only vibrate; in
liquids the atoms and molecules are more loosely
connected and can collide with and move past one
another; and in gases the atoms and molecules are
free to move independently, colliding frequently.

110 Chapter 4

Particles of a solid
have a strong attrac-
tion between them.
The particles are
closely locked in
position and can
only vibrate.

States of Matter

Particles of a liquid
are more loosely
connected than those
of a solid and can
collide with and move
past one another.

Particles of a gas
move fast enough so
that they overcome
the attractions
between them. The
particles move inde-
pendently and collide
frequently.



Solids

Imagine dropping a marble into a bottle. Would anything
happen to the shape or size of the marble? Would the shape
or size of the marble change if you put it in a larger bottle?

A marble keeps its original shape and volume no matter
where it is placed because it is a solid. A solid is the state of
matter that has a definite shape and volume.

The particles of a substance in a solid state are very close
together. They have a strong attraction between them. The
particles in a solid move, but they do not move fast enough to
overcome the attraction between them. Therefore, each particle
is closely locked in position and can only vibrate in place.

Liquids

What do you think would change about orange juice if you
poured the juice from a can into a glass? Would the volume
of juice be different? Would the taste of the juice change?

The only thing that would change when the juice is poured
into the glass is the shape of the juice. The shape changes
because juice is a liquid. Liquid is the state of matter that has
a definite volume but takes the shape of its container. The
particles in liquids move fast enough to overcome some of the
attractions between them. The particles collide with and slide
past each other. But the particles remain close together.

Because the juice is a liquid, its volume stays the same
whether you pour the juice into a large container or into a
small one. Figure 2 shows the same volume of liquid in two
different containers.

NNl N9 What are a liquid’s particles able to do that a
solid’s particles cannot? ([ms3.e

states of matter (STAYTS uhv
MAT uhr) the physical forms of
matter, which include solid, liquid,
and gas

solid (SAHL id) the state of matter in
which the volume and shape of
a substance are fixed

liquid (LIK wid) the state of
matter that has a definite volume
but not a definite shape

IUATEy PRACTicy
Volume and Density

A substance’s density is the
mass per unit volume for the
substance. So, the formula
for calculating density is

D =m/V.

1. The mass of 300 mL of
water is 300 g. What is the
density of water?

2. The density of isopropyl
alcohol is 0.79 g/mL.
Calculate the mass of
85 mL of isopropyl alcohol.

Figure 2 Although their shapes
are different, the beaker and the
graduated cylinder each contain
345 mL of juice.
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gas (GAS) a form of matter that
does not have a definite volume
or shape

plasma (PLAZ muh) in physical
science, a state of matter that
starts as a gas and then becomes
ionized; it consists of free-moving
ions and electrons, it takes on an
electric charge, and its properties
differ from the properties of a solid,
liquid, or gas

Figure 3 Many balloons
can be filled from one tank
of helium because the particles
of helium gas in a balloon

are far apart.

Gases

Would you believe that one tank of helium can fill several
hundred balloons? How is this possible? After all, the tank is
only as big as about five filled balloons.

Helium is a gas. Gas is a state of matter that has no definite
volume or shape. The particles of a gas have little attraction
between them. The particles move about freely and collide
randomly with each other.

Because gas particles move about freely, the amount of
empty space between them can change. Look at Figure 3. The
particles of helium in the balloons are farther apart than the
particles of helium in the tank. As helium particles fill the
balloon, they spread apart. The greater amount of empty space
between the particles makes the volume of the gas larger.

oLttt Ae 799 Describe the motion of particles of a gas. (m8.3.e

"Quick Lab ™ P
Changing Volumes@‘

1. Draw 10 mL of air into a syringe. 83.e
Tighten the cap.

2. Push in the plunger. Record your results. - )

3. Repeat steps 1 and 2 using 10 mL
of water. .

4. Explain any difference in your results in fs

terms of the particles in each material. ¢ =
5. Can a solid be compressed? Explain, in -

terms of the particles in the solid. E N
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Plasmas

The sun and other stars are made of the most
common state of matter in the universe, called plasma.
Plasma is the state of matter that does not have a
definite shape or volume and whose particles have
broken apart. More than 99% of the matter in the
universe is plasma.

Plasmas have some properties that are quite different
from the properties of gases. Plasmas conduct electric
current, but gases do not. Electric and magnetic fields
affect plasmas but do not affect gases. In fact, strong
magnetic fields are sometimes used to contain very hot
plasmas that would destroy a solid container.

Here on Earth, natural plasmas are found in light-
ning and fire. Plasma sometimes forms during storms on
Earth by the electrical energy in lightning, as shown in

Figure 4 One place that plasma

Figure 4. Artificial plasmas, found in fluorescent lights forms is in the electric discharge of
and plasma balls, are created by passing electric charges a lightning bolt. A lightning bolt is
through gases. made of plasma.

/"'

SECTION Using Vocabulary Critical Thinking

Review

@ \rite an original definition for © Analyzing Processes The
gas and plasma. volume of a gas can change,
but the volume of a solid

. 8.3.d, 8.3 Understanding Concepts cannot. Explain in terms of

particles why this is true.

m © Describing Describe the
difference in particle motion Challenge

® Particles of matter are in between solids, liquids,
constant motion. The states and gases. (6 ] Evaluati.ng Hypptheses '
of matter depend on the INTERPRETING GRAPHICS Use Tommy is planning an experi
motion of particles. the image below to answer the next WD EEE pEEE meler
e A solid has a definite shape two questions. for two d!fferent subst_ances. He
and volume. A liquid has a hypothesues that particle motion
definite volume but not a Fﬂ will be the same for each sub-

definite shape stance under the same condi-

| tions. What important factor has
® A gas does not have a he not taken into account?
definite volume or shape. "

Plasma, a fourth state of

Internet Resources

matter, does not have a © Identifying Identify the state of
definite shape or volume, matter shown in the jar. For a variety of links related to this
and its particles are broken chapter, go to www.scilinks.org

O Concluding Can the individual
particles inside the jar move? If
so, describe how they move.

Topic: Solids, Liquids, and Gases N
SciLinks code: HY71420

apart.




What You Will Learn

® A change of state is a physical
process in which a material changes
form with no chemical reaction.

® Changes of state include melting,
freezing, evaporation, condensation,
and sublimation and involve either
gain or loss of energy by a
material’s particles.

® Every material has a characteristic
melting point and freezing point.

Why It Matters

Learning about changes of state will
help you understand changes you
see every day, such as cooking and
the weather.

Vocabulary
« change of « boiling

state « condensation
 melting * sublimation

* evaporation

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table
that compares various characteristics
of state changes.

8.3.d Students know the states of matter (solid,
liquid, gas) depend on molecular motion.

8.3.e Students know that in solids the atoms are
closely locked in place and can only vibrate; in
liquids the atoms and molecules are more loosely

connected and can collide with and move past one
another; and in gases the atoms and molecules are

free to move independently, colliding frequently.
8.5.d Students know physical processes include
freezing and boiling, in which a material changes
form with no chemical reaction.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal

and electrical conductivity.
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Changes of State

Key Concept A change of state, which is a physical
change, occurs when matter changes from one
physical state to another.

P> It can be tricky to eat a frozen juice bar outside on a hot
day. In just minutes, the juice bar will start to melt. Soon, the
solid juice bar becomes a liquid mess. As the juice bar melts, it
goes through a change of state. In this section, you will learn
about the four changes of state shown in Figure 1 as well as a fifth
change of state called sublimation (suns luh MAY shuhn).

Energy and Changes of State

A change of state is the change of a substance from one
physical form to another. All changes of state are physical
changes rather than chemical changes. In a physical change,
the identity of a substance does not change. In Figure 1, the ice,
liquid water, and steam are all the same substance—water.

The particles of a substance move differently depending
on the state of the substance. The particles also have different
amounts of energy when the substance is in different states. For
example, particles in liquid water have more energy than par-
ticles in ice. To change a substance from one state to another,
you must add or remove energy.

MLl NE 9 In terms of energy, what must happen to the
particles of a substance for it to change state? ([ms.3.e

Figure 1 Changes of state involving
water are shown here. What two
steps would the solid need to go
through to change into a gas?

—
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Melting: Solid to Liquid

One change of state that happens when you add energy
to a substance is melting. Melting is the change of state
from a solid to a liquid. This change of state is what hap-
pens when ice melts.

Melting Point

As the temperature of a solid increases, the particles
of the solid move faster. When a certain temperature is
reached, the solid will melt. The temperature at which a
substance changes from a solid to a liquid is the melting
point, or melting temperature, of the substance. Melting
point is a physical property that is characteristic of the
material. For example, gallium melts at about 30°C. Because
your normal body temperature is about 37°C, gallium will
melt in your hand! This is shown in Figure 2. Table salt,
however, has a melting point of 801°C, so it will not melt
in your hand. Melting points and other physical properties
reflect the chemical composition of the material and can
be used to classify substances.

MLl M@ 9 What is melting point, and what does it reflect
about a substance? @8.1.:

Adding Energy

For a solid to melt, particles must absorb energy to
overcome some of their attractions to each other. The par-
ticles acquire enough energy to slide past one another so
that the material, which has melted and become a liquid,
can flow.

Freezing: Liquid to Solid

Figure 2 Gallium is a metal
that can melt in your hand.
Even though gallium is a
metal, it would not be very
useful as jewelry!

change of state (CHAYNJ UHV STAYT)
the change of a substance from one
physical state to another

melting (MEHLT ing) the change of
state in which a solid becomes a
liquid by adding heat

Figure 3 Liquid water freezes

The change of state from a liquid at the same temperature at
to a solid is called freezing. For a liquid _ which ice melts: 0°C.
to freeze, the attractions between a ;

liquid’s particles must overcome the

motion of the particles. Then, the -

particles will become closely locked If energy is added at

in position. 5 0°C, the ice will melt.
; o

Removing Energy

The temperature at which a liquid

changes into a solid is the liquid’s If energy is removed

freezing point. Freezing is the reverse at 0°C, the liquid

process of melting. Thus, freezing water will freeze.

and melting happen at the same tem- %_ ,

perature, as shown in Figure 3.
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Boiling and Evaporation

Boiling /

point

o

'0

0 L - 200
& un-'_'a_mn

Boiling happens in a liquid at its boiling
point. As energy is added to the liquid,
particles throughout the liquid move faster.
When they move fast enough to break away
from other particles, they evaporate and

become a gas.

evaporation (ee vap uh RAY shuhn)
the change of state from a liquid

to a gas

Wordwise The prefix e- means
"out” or “from.

The root vapor means “gaseous form
of any substance that is usually a
liquid or solid."

boiling (BOYL ing) the conversion
of a liquid to a vapor when the
vapor pressure of the liquid equals
the atmospheric pressure
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Evaporation can happen in a liquid below
its boiling point. Some particles at the sur-
face of the liquid move fast enough to break
away from the particles around them and
become a gas.

Evaporation: Liquid to Gas

One way to make evaporation happen is to iron a shirt
by using a steam iron. Steam comes up from the iron as the
wrinkles disappear. This steam forms when the liquid water
in the iron becomes hot and changes to gas.

Evaporation and Boiling

Evaporation is the change of state from a liquid to a gas.
Evaporation can happen at the surface of a liquid. For example,
when you sweat, your body is cooled through evaporation.
Your sweat is mostly water. Water absorbs energy from your
skin as the water evaporates. You feel cooler because your body
transfers energy to the water.

Figure 4 explains the difference between boiling and
evaporation. Boiling is the change of a liquid to a vapor, or gas,
throughout the liquid. The temperature at which this change
happens is the boiling point of the liquid. When liquid water
is heated to temperatures of 100°C, molecular motion increases
until large groups of water molecules overcome the attractive
forces between them. Bubbles of water vapor escape from the
liquid water as the water boils.

MLl fNE 49 What happens to the particles of a liquid as the
liquid boils? (e)8.3.d
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Effects of Pressure on Boiling Point

Earlier, you learned that water boils at 100°C. In fact, this
is true only at sea level. The reason is that atmospheric pres-
sure varies depending on where you are in relation to sea level.
Atmospheric pressure is caused by the weight of the gases that
make up the atmosphere.

Atmospheric pressure is lower at higher elevations. The
higher you go above sea level, the fewer air particles there
are above you. So, the atmospheric pressure is lower. Think
about boiling water at the top of a mountain. The boiling
point would be lower than 100°C, because water boils more
easily if the atmospheric pressure is lower. For example, Denver,
Colorado, is 1.6 ki above sea level. In Denver, water boils at
about 95°C.

Condensation: Gas to Liquid

Look at the spider web in Figure 5. Notice the beads
of water that have formed on it. They form because of
condensation of gaseous water in the air. Condensation is the
change of state from a gas to a liquid. Condensation and
evaporation are the reverse of each other. The condensation point
of a substance is the temperature at which the gas becomes
a liquid. The condensation point is the same temperature as
the boiling point at a given pressure.

For a gas to become a liquid, large numbers of particles must
clump together. Particles clump together when the attraction
between them overcomes their motion keeping them apart.
For this to happen, energy must be removed from the gas to
slow the movement of the particles.

NTERNET RCTiViT)

Physical Scientist
Biographies

What are some of the great-

est advances in physical
science, and who made
them? Write a biography

about a physical scientist. Go
to go.hrw.com, and type in

the keyword HY7STAW.

condensation (kaHN duhn SAY shuhn)
the change of state from a gas to a

liquid

Figure 5 Beads of water form
when water vapor in the air
contacts a cool surface, such
as this spider web.

Changes of State
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Figure 6 Dry ice is a substance
that will change directly from a
solid to a gas at atmospheric
pressure.

sublimation (sunB luh MAY shuhn)
the process in which a solid changes
directly into a gas

Sublimation: Solid to Gas

The solid in Figure 6 is dry ice. Dry ice is carbon dioxide
in a solid state. It is called dry ice because it goes through
sublimation instead of melting into a liquid. Sublimation is the
change of state in which a solid changes directly to a gas.

For a solid to change directly to a gas, the particles of the
substance must go from being very tightly packed to being
spread far apart. So, the attractions between the particles must
be completely overcome. The substance must gain energy for
the particles to overcome their attractions.

MLl fNe 199 What do the particles of a solid do when the
solid sublimes? (g/8.5.d

Temperature and Changes of State

When most substances lose or gain energy, one of two
things happens to the substance: its temperature changes or
its state changes. When temperature changes, the speed of the
particles also changes. But when a substance is undergoing
a change of state, its temperature does not change until the
change of state is complete. For example, continued heating
of a liquid at its boiling point will change the liquid entirely
into vapor instead of raising its temperature. Only after all of
the liquid is turned into gas will the temperature rise. Figure 7
on the next page shows the effects of adding energy to ice.

MQXO_ ‘

Boiling Water Without Heating It

% 8.5.d
You have seen water boil when it is heated. ‘ 8.7.c
However, air pressure above the water plays o
a role, too. In this activity, you will explore
the connection between pressure and > Think About It!
boiling point.

P Try It!

5. If the temperature stays the same, what
must happen to the atmospheric pressure in

1. Remove the cap from a syringe.

order to cause the liquid to boil?
6. What happened to the air inside the syringe

2. Place the tip of the syringe in the warm above the water as you pulled the plunger
water that is provided by your teacher. Pull out of the syringe?
the plunger out until you have 10 mL of 7. How did this cause the water to boil?

water in the syringe.

8. When you normally see water boil, what

3. Place the cap tightly on the syringe. Hold the is different about the conditions under
syringe, and slowly pull the plunger out. which that happens, compared with what
4. Record any changes you see in the water. you just saw?
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@TILX D cChanging the State of Water

A

The energy that is added during a change of
state is used to break the attractions between
particles. So, the temperature does not change

until the change of state is complete.

Boiling point
100 gpP
o
N
£
B Melting point
a O
£
2
T
-

" SECTION

Review

834,83,
& 8.5.d, 8.7.c

® A change of state is the
conversion of a substance
from one physical form
to another.

® A change of state requires
a loss or gain of energy by
a substance’s particles.

® Melting is the change from
a solid to a liquid, and
freezing is the change
from a liquid to a solid.

® Both boiling and evaporation
result in a liquid changing
to a gas.

® Condensation is the change
of a gas to a liquid. It is
the reverse of evaporation.

® Sublimation changes a
solid directly to a gas.

® The temperature of a
substance does not change
during a change of state.

Time

Using Vocabulary

For each pair of terms, explain how

the meanings of the terms differ.

© boiling and melting

© condensation and evaporation

Understanding Concepts

© Describing Describe how the

motion and arrangement of

particles in a substance change

as the substance freezes.

O cComparing How are boiling

and evaporating similar? How

are they different?

Critical Thinking

© Making Inferences Imagine
that bubbles begin to form in
a sample of liquid, but the
temperature did not change.
What must have happened to
cause this change?

© Analyzing Ideas When a

solid melts, its density does not
change very much. So, why do a

liquid and a solid have such
different physical properties?

P

INTERPRETING GRAPHICS
Use the two pictures below to
answer the next question.
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© Analyzing Processes Describe
two ways by which the particles
in the picture on the left could

end up like the particles in the
picture on the right.

© Making Calculations If the
volume of a substance in the

gaseous state is 1,000 times the
volume of that substance in the
liquid state, how much space
would 18 mL of that substance
in the liquid state take up if it
evaporated?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Changes of State
SciLinks code: HY70254




Skills Practice [1£)

Measure and record time and
temperature accurately.

Graph the temperature change
of water as it changes state.

Analyze and interpret graphs of
changes of state.

e beaker, 250 mL or 400 mL
« coffee can, large

» gloves, heat-resistant
« graduated cylinder, 100 mL

« graph paper

* hot plate « stopwatch
e ice, crushed o thermometer
e rock salt o water

* wire-loop stirring device
SAFETY

PHESO

8.5.d Students know physical processes include
freezing and boiling, in which a material changes
form with no chemical reaction.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal

and electrical conductivity.

Investigation and Experimentation

8.9.d Recognize the slope of the linear graph as
the constant in the relationship y = kx and apply
this principle in interpreting graphs constructed
from data.

8.9.e Construct appropriate graphs from data
and develop quantitative statements about the
relationships between variables.
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Boiling and Temperature

When you add energy to a substance through heating, does
the substance’s temperature always go up? When you remove
energy from a substance through cooling, does the substance’s
temperature always go down? In this lab, you'll investigate these
important questions with a very common substance—water.

Procedure
@ Fill the beaker about one-third to one-half full with water.

o Put on heat-resistant gloves. Turn on the hot plate, and put
the beaker on it. Put the thermometer in the beaker.
Caution: Be careful not to touch the hot plate.

o Make a copy of the data table below. Record
the temperature of the water every 30 s. Continue doing this
until about one-fourth of the water boils away.
Note the first temperature reading at which the water is
steadily boiling.

Data Table
Time (s) 30 60 | 90 120 150 180 | 210 | etc.

Temperature (°C) \ l

© T1um off the hot plate.

O While the beaker is cooling, make a graph of temperature
(y-axis) versus time (x-axis). Draw an arrow pointing to the
first temperature at which the water was steadily boiling.

© After you finish the graph, use heat-resistant gloves to pick up
the beaker. Pour the warm water out, and rinse the warm
beaker with cool water. Caution: Even after cooling, the
beaker is still too warm to handle without gloves.

o Put approximately 20 mL of water in the graduated cylinder.

0 Put the graduated cylinder in the coffee can, and fill in around
the graduated cylinder with crushed ice. Pour rock salt on the
ice around the graduated cylinder. Place the thermometer and
the wire-loop stirring device in the graduated cylinder.

States of Matter



Q As the ice melts and mixes with the rock salt,
the level of ice will decrease. Add ice and rock
salt to the can as needed.

@ Make another copy of the data table. Record
the temperature of the water in the graduated
cylinder every 30 s. Stir the water with the stir-
ring device. Caution: Do not stir with the
thermometer.

m Once the water begins to freeze, stop stirring.
Caution: Do not try to pull the thermometer
out of the solid ice in the cylinder.

Q Note the temperature when you first notice ice
crystals forming in the water. Continue taking
readings until the water in the graduated
cylinder is completely frozen.

@ Make a graph of temperature (y-axis) versus
time (x-axis). Draw an arrow to the temperature
reading at which the first ice crystals form.

Analyze the Results

(D Describing Events What happens to the
temperature of boiling water when you con-
tinue to add energy through heating?

(D Describing Events What happens to the
temperature of freezing water when you
continue to remove energy through cooling?

(D Analyzing Data What does the slope of each
graph represent?

(@ Analyzing Results How does the slope of
the graph that shows water boiling compare
with the slope of the graph before the water
starts to boil? Why is the slope different for
the two periods?

(D Analyzing Results How does the slope of
the graph showing water freezing compare
with the slope of the graph before the water
starts to freeze? Why is the slope different for
the two periods?

Draw Conclusions

(D Drawing Conclusions Using your answers
to the previous two questions, make a general
statement that describes what happens to
temperature during a change of state.

Big Idea Question

¢@) Applying Concepts The particles that make
up solids, liquids, and gases are in constant
motion. Adding or removing energy causes
changes in the movement of these particles.
Using this idea, describe in terms of the motion
of the water molecules what is happening at
each time represented in your two graphs.
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Science Skills Activity

Scientific

Methods Data

Analysis HERE

Linear and Nonlinear Relationships

P> Tutorial

Calculation

Investigation and
& Experimentation
8.9.g Distinguish between linear and nonlinear

relationships on a graph of data.

O The graph below represents an example of a
linear relationship. You can tell that the rela-
tionship is linear because when you graph the
two factors, they will form a straight line.

Volume Vs. Temperature for a Gas
at Constant Pressure

0.600
0.500
0.400
0.300
0.200
0.100 >
0.000 k.

0

Volume (L)

100 200 300
Temperature (K)

© You can also tell that a relationship is linear
by analyzing the data set that represents
the relationship. For a relationship that is
linear, as in the above graph, choose any two
pairs of data. Then, divide each pair the same
way, and you will get the same number, as
shown below.

0.200 L
100 K

0.400 L

= 0.002 L/K
200 K

= 0.002 L/K

P> You Try It!

© A linear relationship is one that involves a
constant rate of change. This was shown in
the previous step because the two data pairs
have the same ratio.

O The graph below represents an example of a
nonlinear relationship. A nonlinear relationship
is one in which the rate of change over time
between the two factors is not constant.

Volume Vs. Pressure for a Gas
at Constant Temperature

0.500 \

—_—

S 0400 \

@ 0300

£

5 0200

S o100 |
0.000

0 100 200 300 400
Pressure (kPa)

© You can tell that a relationship between two
factors is nonlinear by looking at its graph: it
does not form a straight line. You can also tell
that a relationship is nonlinear by doing the
test described in item 2 at left: two pairs of
data will not have the same ratio.

(1] Identifying Relationships Analyze the data in
the table at right as was demonstrated in item
2 above. Is the relationship linear or nonlinear?

(2] Evaluating Conclusions Make a graph of the
data from the table at right. Did your graph
confirm your initial conclusions? Explain.

© Analyzing Relationships What does your
analysis tell you about how the pressure and
temperature of a gas vary together?
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Pressure Vs. Temperature for a Gas
at Constant Volume

Pressure (atm) Temperature (K)
1.0 100
2.0 200
3.5 350
4.0 400
5.0 500
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SUPER SUMMARY
KEYWORD: HY7STAS

Matter exists in various physical states, which are

The Big Idea determined by the movement of that matter’s particles.

) Four States of Matter

Key Concept Each state of matter
has a characteristic way in which its
particles interact.

® All matter is made of particles that are in
constant motion.

® Each state of matter depends on the motion
of its particles.

@ |n solids, particles can only vibrate; in ]

liquids, particles can collide with and move
past one another; in gases, particles are free
to move independently, colliding frequently.

22359
® n plasmas, particles move independently ::-) ‘:"bﬂéj
\ J" Qv

and are broken apart.

states of matter p. 110
solid p. 111

liquid p. 111

gas p. 112

plasma p. 113

The three familiar states of matter are

solid, liquid, and gas.

&) Changes of State

Key Concept A change of state, which is a
physical change, occurs when matter changes
from one physical state to another.

® A change of state is a physical process in
which a material changes form with no

chemical reaction.
® Changes of state include melting, freezing, evaporation,
condensation, and sublimation and involve either gain
or loss of energy by a material’s particles.
® Every material has a characteristic melting
point and freezing point. \
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Matter can undergo %

physical changes between o g AI—

its physical states. \_\:J__;
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change of state p. 114
melting p. 115
evaporation p. 116
boiling p. 116
condensation p. 117
sublimation p. 118
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Table Fold Review the
(&

FoldNote that you created at
the beginning of the chapter.
Add to or correct the Fold-
Note based on what you
Using Vocabulary

have learned.

© Academic Vocabulary Which of the follow-
ing words means “a set of steps or events”?
a. reaction
b. process
¢. principle
d. role

For each pair of terms, explain how the meanings
of the terms differ.

© solid and liquid
© evaporation and boiling

O condensation and sublimation

Understanding Concepts

Multiple Choice

© Which of the following statements

best describes the particles of a liquid?

a. The particles are far apart and
moving fast.

b. The particles are close together but
moving past each other.

¢. The particles are far apart and
moving slowly.

d. The particles are closely packed and
vibrating in place.

© Dew collecting on a spider web in
the early morning is an example of
a. condensation.
b. evaporation.
¢. sublimation.
d. melting.
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8.3.d, 8.3.¢, 8.5.d,

© During which change of state do atoms
or molecules become more ordered?
a. boiling ¢. melting
b. condensation d. sublimation

O As the particles of a solid undergo
sublimation, they
a. lose energy.
b. move closer to one another.
¢. change temperature.
d. move farther apart from one another.

Short Answer

© Listing Rank solids, liquids, and gases in
order of particle speed from the highest speed
to the lowest speed.

@ Classifying At atmospheric pressure, what is
the characteristic boiling point of water, in
degrees Celsius?

@ Analyzing Explain why liquid water takes
the shape of its container but an ice cube
does not.

@ Concluding Water's states of matter include
steam, liquid water, and ice. What about water
is the same in these states? What can you con-
clude about what changes and what does not
change during a change of state?

INTERPRETING GRAPHICS Use the graph below
to answer the next two questions.

5 O ©®
BOOO

Temperature (°C)

o

v

Energy

@® Identifying What is the boiling point of the
substance? What is the melting point?

@ Concluding How does the substance change
while energy is being added to the liquid
at 20°C?



@ Creative Writing Imagine that you are a
gas particle and that the material you are in
condenses and then freezes. From your point
of view as a particle, write a clear step-by-step
description of what happens as you go
through each change of state.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: states of matter,
solid, liquid, gas, changes of O O

state, freezing, evaporation,
condensation, and melting.

INTERPRETING GRAPHICS Use the picture
below to answer the next two questions.

Liquid

@ Analyzing Processes Explain, based on the
motion of the gas particles, how the gas is
causing the tubes to spin around as shown.

@ Making Inferences |If the liquid shown in the
picture above is water and if the air pressure is
equal to the normal atmospheric pressure at
sea level, what must the temperature of the
water be, in degrees Celsius?

@ Applying Concepts After taking a shower,
you notice that small droplets of water
cover the bathroom mirror. Explain how
these drops form. Be sure to describe where
the water comes from and the changes it
undergoes.

@ Making Inferences At sea level, water
boils at 100°C and methane boils at -161°C.
Which of these substances has a stronger
force of attraction between its particles?
Explain your reasoning.

€@ Analyzing Ideas By using an electric
current, you can split liquid water to form two
new substances, hydrogen and oxygen gases.
Is this a change of state? Explain your answer.

@ Evaluating Hypotheses Imagine that a gas
is bubbling up from a sample of water. Laurel
forms the hypothesis that the water is boiling.
How could she test that hypothesis?

@ Analyzing Data Kate placed 100 mL of
water in five different pans, placed the pans on
a windowsill for a week, and measured how
much water evaporated from each pan. Draw
a graph of her data, which is shown below.
Place surface area on the x-axis and volume
evaporated on the y-axis. Is the graph linear or
nonlinear? What does this information tell you?

Pan number 2 3 4 5

Surface 82 20| 30 65

area (cm?)

Volume

evaporated (mL) 79 | 19 | 29 62

Challenge

@ Analyzing Methods To protect their crops
during freezing temperatures, orange growers
spray water onto the trees and allow it to
freeze. In terms of energy lost and energy
gained, explain why this practice protects
the oranges from damage.
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REVIEWING ACADEMIC VOCABULARY

In the sentence “Each element
has distinct physical and chemical
properties,” what does the word
distinct mean?

A easy to hear, see, or smell
B large enough to be noticed
C clearly different and separate

D very great in degree

Which of the following words is the
closest in meaning to the word structure?

A composition
B stability
C function

D combination

Which of the following sets of words
best completes the following sentence:
“After they conduct their experiment,
the students a graph based on
their data™?

A have constructed

B will have constructed
C would construct
D

will construct

Which of the following words means “to
figure out the meaning of”?

A interpret
B communicate
C suggest
D describe

126 Chapter 4 States of Matter

Assessme

5.3.c, 5.6.a, 6.4.¢, 8.3,

@ 8.3.d, 8.3.¢, 8.9.d

nt:

REVIEWING CONCEPTS

The state of matter of a substance
depends upon how the particles in
that substance

A freeze.
B move.

C expand.
D shrink.

e A substance changes state from a liquid

to a solid. Which of the following is true
of that substance?

A It passes through a plasma state.
B It can return to a liquid state.

C It will soon become a gas.
D

It will remain permanently solid.

Adding Energy to Water

Temperature (°C)

100

N U
o U1 O Uu

|
N
(6]

v

Energy

o The graph above shows the effect of

adding energy to water at sea level.
When the temperature reaches 100°C,
what happens to the water molecules as
energy continues to be added?

A The water molecules gain energy as the
temperature continues to rise.

B The water molecules gain no energy
and the temperature stays the same.

C The water molecules become more
ordered as the state changes to a gas.

D The water molecules move farther apart
as the state changes to a gas.



0 Which of the following statements best
describes the particles contained in a
glass of milk?

A They are closely locked into position
and can only vibrate.

B They are loosely connected and can
slide past each other.

C They have broken apart.

D They move about freely.

Which of the following sentences best
describes the process that occurs when
liquid water becomes ice?

A Energy is added to the water, so its
molecules move more slowly.

B Energy is added to the water, so its
molecules move more quickly.

C Energy is removed from the water, so its
molecules lock into place.

D Energy is removed from the water, so its
molecules move apart.

A change in the state of matter always
includes

A aloss of energy.
B a gain of energy.

C a change in the chemical properties of a
substance.

D a change in the physical form of a
substance.

Plasma is the most common state of
matter in the universe. How are plasmas
different from gases?

A Plasmas conduct electric currents.
B Plasmas have a definite shape.

C Plasmas have a definite volume.
D

Plasmas are unaffected by magnetism.

REVIEWING PRIOR LEARNING

@ Precipitation occurs at the point where

A moist air is cooled below its
condensation point.

B dry air picks up water through
evaporation.

C warm air rises into the atmosphere
and cools.

D cool air sinks because of convection in
the atmosphere.

The molecules in an unknown substance
collide with and slide past each other.
They are moving quickly enough that the
substance’s vapor pressure equals the
atmospheric pressure. How would you
classify the unknown substance?

A ltis a gas at its condensation point.
B Itis a liquid at its boiling point.

C Itis a solid at its melting point.
D

It is a liquid at its freezing point.

Altitude and Atmospheric Pressure

Altitude above Atmospheric
sea level (m) pressure (kPa)
0 101
100 98.2
1000 85.8
10000 20.4

m According to the table above, what is

the relationship between atmospheric
pressure and altitude?

A Atmospheric pressure remains constant
at any altitude.

B Atmospheric pressure differs at sea level
according to location.

C Atmospheric pressure increases as
altitude increases.

D Atmospheric pressure decreases as
altitude increases.
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Science
in Action

Science, Technology,
and Society

Deep-Sea Diving with Helium

Deep-sea divers in the ocean run the risk
of getting nitrogen narcosis. Nitrogen nat-
cosis produces an alcohol-like effect, which
can cause a diver to become disoriented
and to use poor judgment. This effect can
be dangerous. To avoid nitrogen narcosis,
divers who work at depths of more than
60 m breathe heliox instead of air. Heliox is
a mixture of helium and oxygen. The main
disadvantage of heliox is that helium con-
ducts heat about 6 times as fast as nitrogen
does, so a diver using heliox will feel cold
sooner than a diver who is breathing air.

\ a ; 1}
Math ,k_&ll,l/;l'y
There are 2.54 cm in one inch. Below what
depth in feet should heliox be used instead

of air? Write your answer in your Science
Journal.
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Scientific
Discoveries

The Fourth State of Matter
Plasma is known as “the fourth state of
matter.” Atoms of plasma are broken apart
and have a lot of energy. At the University
of Southern California’s Plasma Accelerator
Lab, Tom Katsouleas and his team of scien-
tists are trying to find a way to use plasma’s
unique properties to build smaller particle
accelerators. Particle accelerators are huge
devices that scientists use to smash atoms
to break them apart and study the forces
that hold them together. Smaller particle
accelerators would enable scientists to do so
much more easily. The results could lead to
the development of new technologies.

Social Studies _I,\Ell,l/ﬂ'y

Research plasma. Find out how plasma is
used in today’s technology, such as plasma
TVs. How will this technology affect you and
society in general? Describe your findings in
a poster.




People in Science
Andy Goldsworthy

Nature Artist Most of the art that Andy Goldsworthy creates will melt, decay, evapo-
rate, or just blow away. He uses leaves, water, sticks, rocks, ice, and snow to create his art.
Goldsworthy observes how nature works and changes over time and uses what he learns
in the art that he creates. For example, on cold, sunny mornings, Goldsworthy makes frost
shadows. He stands with his back to the sun and thus creates a shadow on the ground. The
rising sun warms the ground and melts the frost around his shadow. When he steps away,
he can see the shape of his body in the frost that is left on the ground.

In his art, Goldsworthy sometimes shows
water in the process of changing states. For exam-
ple, he made huge snowballs filled with branches,
pebbles, and flowers. He then stored these snow-
balls in a freezer until summer, when they were
displayed in a museum. As they melted, the snow-
balls slowly revealed their contents. Goldsworthy
says his art reflects nature, because nature is con-
stantly changing. Fortunately, he takes pictures of
his art so we can enjoy it even after it disappears!

Language Arts _A;_, VIT}'

Research Andy Goldsworthy’s art. In your
Science Journal, write a one-page review of one
of his creations. Be sure to include what

you like or don't like about the art.

Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7STAF. word HY7STAC.
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@), Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a Venn diagram. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Venn Diagram

@ Draw a diagram like the one shown below.
Draw one circle for each topic. Make sure
that each circle partially overlaps the
other circles.

© In each circle, write a topic that you want to
compare with the topics in the other circles.

© In the areas of the diagram where circles
overlap, write the characteristics that the
topics in the overlapping circles share.

© In the areas of the diagram where circles do
not overlap, write the characteristics that are
unique to the topic of the particular circle.

Mixtures

- Made of elements,
compounds, or both

* No change in original
properties of components

+ Separated by physical
means

* Formed by using any ratio

of components

You Try It!

* Made of elements
« Can be broken into
simpler substances

When to Use a Venn Diagram

A Venn diagram is a useful tool for comparing
two or three topics in science. A Venn diagram
shows which characteristics the topics share

and which characteristics are unique to each
topic. Venn diagrams are ideal when you want
to illustrate relationships in a pair or small group
of topics. As you read, look for topics that have
both shared and unique characteristics, and
draw a Venn diagram that shows how the topics
are related.

Compounds
* Made of elements
+ Change in original
properties of components
* Separated by chemical
means
* Formed using a set ratio
of components

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own Venn diagram as directed in the
Reading Strategy for Section §&J). Record your work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary

8.3.b Students know that compounds
are formed by combining two or more
different elements and that compounds
have properties that are different from their
constituent elements.

AXANs

constituent (kuhn STICH oo uhnt)
serving as part of a whole

Compounds form when two or more
elements combine. The properties of a
compound differ from the properties of the
elements that make up the compound.

8.5.a Students know reactant atoms
and molecules interact to form products
with different chemical properties.

interact (i~ tuhr AKT) to act upon one
another

chemical (KEM i kuhl) of or having
to do with the properties or actions of
substances

When atoms and molecules are put
together, they can interact to form new
substances whose chemical properties
differ from the properties of the original
substances.

8.7.c Students know substances can
be classified by their properties, including
their melting temperature, density,
hardness, and thermal and electrical
conductivity.

Different kinds of matter can be grouped

by their characteristics, including the
temperature at which they melt, the amount
of mass per unit volume, their hardness,
and their ability to transfer thermal energy
or electrical energy.
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Elements, ™
Compounds,

and Mixtures

The

- -
Blg Matter can be classified
into elements, compounds,

Idea and mixtures.

California Standards

Focus on Physical Sciences

8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Section 2)

8.5 Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. (Section 2)

8.7 The organization of the periodic table is based on the properties of
the elements and reflects the structure of atoms. (Sections 1, 2, and 3)

Investigation and Experimentation =
) Scie - Organize

8.9 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Science Skills Activity)

Math Key-Term Fold
6.1.4 Number Sense

Before you read this chapter, create the
English-Language Arts FoldNote entitled “Key-Term Fold.” Write
8.2.2 Reading a key term from the chapter on each
8.1.1, 8.1.2, 8.1.3 Writing tab of the key-term fold. As you read
the chapter, write the definition of
each key term under the

i appropriate tab.

About the Photo Instructions for creating

Within these liquid-filled glass lamps, colored FoldNotes are located in

: the Study Skills section
globs slowly rise and fall. But what keeps on b. 519 of the Appendix
these liquids from mixing? The liquid inside P PP '
these lamps is a mixture that is composed of
mineral oil, wax, water, and alcohol. The water
and alcohol mix with each other but remain
separated from the globs of wax and oil.
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Explore A&tiﬁy o>

Classifying by Properties

In this activity, you will classify substances
based on observable properties.

Procedure

1. Examine an assortment of objects. Classify the
objects into two groups based on a physical
property other than size or shape. Record which
objects are in each group.

2. Choose another physical property. Based on this
property, classify the objects within each group.
Record your results.

3. Repeat step 2 until each object is alone in a group.
Record the name of each group and object.

4. Switch lists with another student. Identify the
property used in each step. Record your results.

@ 30 min ﬁ
Analysis 8¢

5. What properties did you use to classify
your objects?

6. \Why are an object’s size and shape not reliable
characteristics for classifying the object?

7. In what state (solid, liquid, or gas) is each of these
objects? What can you learn about a substance’s
melting point and boiling point by observing the
state of the substance at room temperature?

—
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What You Will Learn

® An element is a pure substance in
which there is only one kind
of atom.

@ An element cannot be broken down
into a simpler substance by physical
or chemical means.

® Each element can be classified by a
unique set of physical and chemical
properties.

® Based on their properties, elements
are classified as metals, nonmetals,
or metalloids.

Why It Matters

All of the matter that you see or use in
your daily life is composed of elements.

Vocabulary

* element * nonmetal
* pure substance  * metalloid
* metal

READING STRATEGY

Outlining In your Science Journal,
create an outline of the section. Use
the headings from the section in
your outline.

element (EL uh muhnt) a substance
that cannot be separated or broken
down into simpler substances by
chemical means

pure substance (PYOOR

SUHB stuhns) a sample of matter,
either a single element or a single
compound, that has definite
chemical and physical properties

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal

and electrical conductivity.
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Elements

Key Concept An element is made up of only one type of
atom and can be classified by a unique set of properties.

P Imagine that you work for the Break-It-Down Company. Your
job is to break down materials into simpler substances. So far,
breaking down materials has been easy. But one morning, you
get a material that is very hard to break down. First, you try to
break it down by using physical changes, such as crushing and
melting. But these do not change the material into something
simpler. Next, you try using chemical changes, such as those
caused by passing an electric current through a material. These
changes do not break down the material, either. Why not?

Elements, the Simplest Substances

You were unable to break down the material described above
because the material is an element. An element is a pure sub-
stance that cannot be separated into simpler substances by
physical or chemical means. In this section, you'll learn about
elements and the properties that help you classify them.

Only One Kind of Atom

Elements are pure substances. A pure substance is a substance
in which all of the “building-block” particles are identical. For
elements, the building-block particles are called atoms and are
much too small for us to see. For example, every atom in a
5 g piece of the element gold is like every other atom of gold.
The particles of a pure substance are alike no matter where
the substance is found, as shown in Figure 1.

e
e g
0

e g
w _i“"'f 2

Figure 1 A meteorite
might travel more than
400 million kilometers
to reach Earth. But

the particles of iron in
the meteorite are the
same as the particles
of iron in a steel spoon
and the same as the
patrticles of iron in
steel braces.



Classifying Elements

Each element can be classified by its unique set of prop-
erties. For example, each element has its own characteristic
properties. These properties do not depend on the amount of
the element present. Characteristic properties include physi-
cal properties and chemical properties. Examples of physical
properties are hardness, melting point, and density. Examples
of chemical properties are reactivity and flammability.

Two elements may have a property in common. But prop-
erties other than the common property can help you tell the
elements apart. For example, the elements helium and krypton
are both unreactive gases. However, the densities (mass per unit
volume) of these elements differ from each other. Helium is
less dense than air. If a helium-filled balloon is set free, it will
float up into the air. Krypton is denser than air. If a krypton-
filled balloon is set free, it will sink to the ground.

Identifying Elements by Their Properties

Look at the elements shown in Figure2. These three
elements have some properties in common. But each element
can be identified by its unique set of properties.

In Figure 2, notice that melting point, electrical conductiv-
ity, and density are physical properties. Other physical proper-
ties, such as color, hardness, thermal conductivity, and texture,
could be added to the list. Chemical properties might also be
useful. For example, some elements, such as hydrogen and
carbon, are flammable. Other elements, such as sodium, react
with oxygen at room temperature.

N[y N d9 How are elements classified? 8.1.c

@T2Y) The Unique Properties of Elements

Cobalt Iron

Separating Elements

1. Examine a sample

of nails provided by 8.1.c
your teacher.
2. Your sample has
aluminum nails and
iron nails.
Try to sepa- .
rate the two C e

kinds of nails.
Group similar nails
into piles.

3. Now pass a bar magnet
over each pile of nails.
Record your results.

4. Were you successful in
completely separating the
two types of nails? Explain.

5. Based on your observa-
tions, explain how the
properties of aluminum
and iron could be used
to separate cans in a
recycling plant.

Nickel

¢ Melting point: 1,495°C ¢ Melting point: 1,535°C ¢ Melting point: 1,455°C

e Density: 8.9 g/cm’ e Density: 7.9 g/cm’® e Density: 8.9 g/cm’

¢ Conductivity: conducts ¢ Conductivity: conducts ¢ Conductivity: conducts
electric current and heat electric current and heat electric current and heat

e Reactivity: unreactive e Reactivity: reacts by com- e Reactivity: unreactive
with oxygen in the air bining with oxygen in the with oxygen in the air

air to form rust
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Figure 3 Even though these
dogs are different breeds, they
have enough in common to
be classified as terriers.

metal (MET uhl) an element that is
shiny and that conducts heat and
electricity well

nonmetal (NAHN mer uhl) an
element that conducts heat and
electricity poorly

metalloid (MET uh Lovp) an element
that has properties of both metals
and nonmetals

ScooL to Hopye,

Your Music Catalogue

List the music recordings
that you have in your home.
Develop a classification
system for the music. Divide
the recordings into categories
based on properties, such

as the kind of music and the
kind of recording medium.
Record the basis of your
classification system in your

Science Journal.
KeTiVily
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Grouping Elements

Think about how many different breeds of dogs there are.
Now, think about how you tell one breed from another. Most
often, you can tell just by the appearance, or by some physical
properties, of the dogs. Figure 3 shows three kinds of terriers.
Many terriers are fairly small in size and have short hair. Not
all terriers are alike, but they share enough properties to be
classified in the same group.

Categories of Elements

Like terriers, elements are grouped into categories according
to shared properties. There are three major categories of elements:
metals, nonmetals, and metalloids. The elements iron, nickel,
and cobalt are all metals. Not all metals are exactly alike, but
they do have some properties in common. Metals are shiny,
and they conduct heat and electric current. Nonmetals make
up the second category of elements. They do not conduct heat
or electric current, and solid nonmetals are dull in appearance.
Metalloids, which have properties of both metals and nonmetals,
make up the last category. Some metalloids, but not all, conduct
heat or electric current.

Lt le 399 What are three properties of metals? (g8.7.c

Categories Are Similar

Imagine being in a music store. The CDs are grouped by
type of music. If you like rock-and-roll music, you would go to
the rock-and-roll section. You might not know every CD, but
you know that the music on a CD in the rock-and-roll section
has many of the characteristics of rock-and-roll music.

By knowing the category to which an unfamiliar element
belongs, you can predict some of the element’s properties.
Figure 4 shows examples of each category of elements and
describes the properties that define each category.

Elements, Compounds, and Mixtures



The Three Major Categories of Elements

Metals

Metals are elements that
are shiny and are good con-
ductors of heat and electric
current. They are malleable.
(They can be pounded or
rolled into shape.) They are
also ductile. (They can be
drawn into thin wires.)

SECTION
Review

Summary,

® A substance in which all of

the particles are alike is a
pure substance.

® An element is a pure
substance that cannot be
broken down into anything
simpler by physical or
chemical means.

® Each element has a unique

set of physical and chemical
properties.

® Elements are classified as

metals, nonmetals, or
metalloids, based on
their properties.

Nonmetals

Sulfur

// Neon
4

s

lodine

Nonmetals are elements that
are dull (not shiny) and that
are poor conductors of heat
and electric current. Solids
tend to be brittle and unmal-
leable. Few familiar objects
are made of only nonmetals.

Using Vocabulary

© Use element and pure substance
in the same sentence.

Understanding Concepts

© Classifying Compare the prop-
erties of metals and nonmetals.

Critical Thinking

(3 ) Applying Concepts From
which category of elements
would you choose to make a
container that would not shatter
if dropped? Explain your answer.

o

Making Inferences List four
possible properties of a sub-
stance classified as a metalloid.
Can your list be used to classify
an unknown substance as a
metalloid? Explain your answer.

Metalloids

Silicon

Antimony

Metalloids are also called semi-
metals. They have properties of
both metals and nonmetals.
Some metalloids are shiny. Some
are dull. Metalloids are some-
what malleable and ductile.
Some metalloids conduct heat
and electric current.

© Making Calculations There
are 8 elements that together
make up 98.5% of Earth’s crust:
oxygen, 46.6%; aluminum,
8.1%; iron, 5.0%; calcium, 3.6%;
sodium, 2.8%; potassium, 2.6%;
magnesium, 2.1%; and silicon.
What percentage of Earth’s crust
is silicon?

Challenge

© Evaluating Assumptions
Your friend tells you that a
shiny element has to be a metal.
Do you agree? Explain your
reasoning.

Internet Resources
For a variety of links related to this
chapter, go to www.scilinks.org
Topic: Elements ™
SciLinks code: HY70496




What You Will Learn

® A compound is made up of two or
more elements that are chemically
combined to form a new substance
with different properties.

® During a chemical reaction, the
reactant atoms of two or more ele-
ments interact and join to form mol-
ecules of one or more compounds.

® Each compound has a unique set
of physical and chemical proper-
ties that differ from the properties
of the elements that make up the
compound.

Why It Matters

Understanding how compounds are

formed can help you understand the
different properties that result when

you combine certain substances.

Vocabulary
« compound

A D Al D A \J
Summarizing Read this section
silently. In pairs, take turns summarizing
the material. Stop to discuss ideas and
words that seem confusing.

Figure 1 As magnesium (a
solid) burns, it reacts with oxygen
(a gas) and forms the compound
magnesium oxide (a solid).

Compounds

Key Concept A compound is formed by chemically
combining two or more elements.

P What do salt, sugar, baking soda, and water have in common?
You might use all of these to bake bread. Is there anything else
similar about them? Salt, sugar, baking soda, and water are all
compounds. Because most elements take partin chemical changes
fairly easily, they are rarely found alone in nature. Instead, they
are found combined with other elements as compounds.

Compounds: Made of Elements

A compound is a pure substance composed of two or more
elements that are chemically combined. Elements combine by
reacting, or undergoing a chemical change, with one another.
A chemical change, or reaction, happens when one or more
substances are changed into one or more new substances that
have new and different properties.

Figure 1 shows magnesium reacting with oxygen. A com-
pound called magnesium oxide is forming. The compound is
a new pure substance. It is different from the elements that
make it up. Most of the substances that you see every day are
compounds. Table 1 lists some familiar examples.

Table 1
Compound Elements combined
Table salt sodium and chlorine
Water hydrogen and oxygen
Citric acid hydrogen, carbon, and oxygen
Carbon dioxide carbon and oxygen
Baking soda sodium, hydrogen, carbon, and oxygen

Chemical Reactions Form Compounds

A chemical reaction is the process by which substances
change into new substances. This process involves rearranging
the atoms of a substance into new combinations with atoms of
other substances. The atoms join in various patterns to form
new substances that have different chemical properties. When
two or more elements combine, a new compound is formed.
The properties of the new compound are different from the
properties of the elements that formed the compound.

e ke 199 Explain how a compound is formed. [m)/8.3.b
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Identifying Compounds

1. Place 4 g of compound A in a clear
plastic cup.

2. Place 4 g of compound B in a second clear
plastic cup.

3. Observe the color and texture of each

compound. Record your observations.
your answer.

-

8.5.a
4. Add 5 mL of vinegar to \s-u
each cup. Record your observations.

5. Baking soda reacts with vinegar. Powdered
sugar does not react with vinegar. Which
compound is baking soda, and which
compound is powdered sugar? Explain

Properties of Compounds

Like an element, each compound has its own physical
properties. Physical properties include melting point, density,
and color. Compounds can also be identified by their chemi-
cal properties. Some compounds, such as calcium carbonate
(found in chalk), react with acid. Other compounds, such as
hydrogen peroxide, react when exposed to light.

NNl Ne 49 What are three physical properties used to identify
compounds? (8.7,

Properties: Compounds Versus Elements

A compound has properties that differ from the properties of
the elements that make up the compound. Figure 2 shows that
table salt, or sodium chloride, is made of two very dangerous
elements—sodium and chlorine. Sodium reacts violently with
water. Chlorine is a poisonous gas. But when combined, these
elements form a harmless compound that has unique proper-
ties. Sodium chloride is safe to eat. It also dissolves (without
exploding!) in water.

@’T2Y) Forming Sodium Chloride

e

Sodium is a soft, silvery white metal
that reacts violently with water.

Chlorine is a poisonous,
greenish yellow gas.

compound (KAHM pownD) a sub-
stance made up of atoms of two or
more different elements joined by
chemical bonds

8.3.b Students know that compounds are formed
by combining two or more different elements and
that compounds have properties that are different
from their constituent elements.

8.5.a Students know reactant atoms and molecules
interact to form products with different chemical
properties.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal

and electrical conductivity.

Sodium chloride, or table salt, is
a white solid. It dissolves easily
in water and is safe to eat.

Section 2 Compounds 139



The Ratio of Elements in a Compound

Elements do not randomly join to form compounds.
Instead, elements join in a specific ratio according to their
masses. For example, for water, the ratio of the mass of hydro-
gen to the mass of oxygen is 1 to 8. This mass ratio can be
written as 1:8. For water, this ratio is always 1:8. That is, every
sample of water has a 1:8 mass ratio of hydrogen to oxygen.
If a sample of a compound has a mass ratio of hydrogen to
oxygen that is not 1:8, the compound cannot be water.

Breaking Down Compounds

Some compounds can be broken down into their elements
by chemical changes. Other compounds break down to form
Mercury(ll) simpler compounds instead of elements. These simpler com-
oxide pounds can then be broken down into elements through more
chemical changes. For example, carbonic acid is a compound
that helps give carbonated beverages their “fizz.” When you
open a can of soda, carbonic acid breaks down into carbon
dioxide and water and makes the soda fizz. This carbon diox-
ide and water could then be broken down into the elements
carbon, oxygen, and hydrogen through chemical changes.

Figure 3 When mercury(ll)
oxide is heated, it undergoes Methods of Breaking Down Compounds
a chemical change in which
it separates into the elements
mercury and oxygen.

The only way to break down a compound is through a
chemical change. Sometimes, energy is needed for a chemical
change to happen. Two ways to add energy to break down a
compound are to apply heat and to apply an electric current.
For example, heating the compound mercury(ll) oxide breaks
it down into the elements mercury and oxygen, as shown in
Figure 3.

NNl NE[d9 What elements combine to form mercury(Il)
oxide? @s.s.b

Compounds in Your World

Compounds are all around you. They make up the food
you eat, the school supplies you use, and the clothes you
wear—even you are made of compounds!

Compounds in Industry

The compounds found in nature are not usually the raw
materials needed by industry. Often, these compounds must
be broken down to provide elements or other compounds that
can be used as raw material. For example, aluminum is used
in cans and airplanes. But in nature, aluminum is found in
the form of the compound aluminum oxide. Pure aluminum
is produced by breaking down aluminum oxide.
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Compounds in Nature

Proteins are compounds found in all living
things. Nitrogen is one of the elements needed to
make proteins. Figure 4 shows how some plants get
their nitrogen from the air. Other plants get nitrogen
from nitrogen compounds in the soil. Animals get
their nitrogen by eating plants or by eating animals
that have eaten plants. The proteins in the food
are broken down as an animal digests the food.
The simpler compounds that form are used by the
animal’s cells to make new proteins.

Another compound that plays an important
role in life is carbon dioxide. You exhale carbon
dioxide that was made in your body. Plants take
in carbon dioxide, which is used in photosynthesis.
Plants use photosynthesis to make compounds

Figure 4 The bumps on the roots of this
pea plant are home to bacteria that form

called carbohydrates. Plants and plant-eating animals compounds from nitrogen in the air. The
get energy by breaking down these carbohydrates pea plant makes proteins from these

through chemical changes.

/"

SECTION
Review

8.3.b, 8.5.a,
) 8.1.c

® A compound is a pure
substance composed of
two or more elements.

® During a chemical reaction,
the atoms of two or more
elements react with each
other to form molecules of
compounds.

® Each compound has unique
physical and chemical prop-
erties that differ from those
of the elements that make
up the compound.

® Compounds can be broken
down into simpler substances
only by chemical changes.

compounds.

Understanding Concepts Critical Thinking

© Identifying What type of O Applying Concepts Ironis a
change is needed to break down solid, gray metal. Oxygen is a
a compound? colorless gas. When iron and

oxygen chemically combine,

rust is made. Rust has a reddish
brown color. Why does rust differ
from iron and oxygen?

Challenge

© Analyzing Ideas A jar contains
samples of the elements carbon
and oxygen. Does the jar
contain a compound? Explain

INTERPRETING GRAPHICS The
chart below shows the composition
of table sugar in percent by mass.
Use the chart to answer the next two
questions.

your answer.

Hydrogen

Internet Resources
© Evaluating List the 3 elements

that make up table sugar.

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Compounds ™
SciLinks code: HY70332

© Analyzing What percentage by
mass of table sugar is hydrogen?




What You Will Learn

® Mixtures can be separated by
physical means, such as distillation,
filtration, and evaporation.

® A solution is a mixture that appears
to be a single substance but is
composed of a solute dissolved
in a solvent.

® Concentration is a measure of
the amount of a solute dissolved
in a given amount of solvent.

Why It Matters

Most everyday materials are mixtures,
so it is helpful to know the characteris-
tics of mixtures.

Vocabulary

* mixture « solvent

« solution » concentration
* solute * solubility

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Venn Diagram that
compares granite and salt water.

mixture (MIKS chuhr) a combina-
tion of two or more substances
that are not chemically combined

Mixtures

Key Concept A mixture is a combination of two or
more substances that are not chemically combined.

P Imagine that you roll out some dough, add tomato sauce,
and sprinkle some cheese on top. Then, you add mushrooms,
olives, and pepperoni! What have you just made? A pizza, of
course! But that’s not all. You have also created a mixture!

Properties of Mixtures

All mixtures share certain properties. A mixture is a com-
bination of two or more substances that are not chemically
combined. When two or more materials are put together, they
form a mixture if they do not react to form a compound.

No Chemical Changes in a Mixture

No chemical change happens when a mixture is made. So,
each substance in a mixture has the same chemical makeup it
had before the mixture formed. That is, each substance in a
mixture keeps its identity. In some mixtures, such as the pizza
in Figure 1, you can see each of the components. In other mix-
tures, such as salt water, you cannot see all the components.

Lt Le 799 Describe one property of all mixtures. [g8.%.c

Separating Mixtures Through Physical Methods

If you don't like mushrooms on your pizza, you can just
pick them off. This change is a physical change of the mix-
ture. The identities of the substances do not change. But not
all mixtures are as easy to separate as a pizza. You cannot just
pick salt out of salt water. One way to separate the salt from
the water is to heat the mixture until the water evaporates.
The salt is left behind. Other ways to separate mixtures are
shown in Figure 2.

Figure 1 You can see each P

topping on this mixture, which
is better known as a pizza.

8.7.¢ Students know substances can be dlassified by
their properties, including their melting temperature,

density, hardness, and thermal and electrical
conductivity.

142 Chapter 5




@TLY)P Common Ways to Separate Mixtures

Distillation (pis tuh LAY shuhn) is a process that separates
a mixture based on the boiling points of the mixture’s com-
ponents. Pure water (flask on the right) is being distilled
from salt water (flask on the left). Also, distillation is used
to separate crude oil into components, such as gasoline.

A magnet can be used
to separate a mixture
of the elements iron
and aluminum. Iron is
attracted to the magnet,
but aluminum is not.

Blood is separated into its parts by a
machine called a centrifuge

(SEN truh ryoo0)). In the test tube of
blood at left, a layer of plasma rests
atop a layer of red blood cells. A
centrifuge separates mixtures by the
densities of the components.

Separating a mixture of sodium
chloride (table salt) and sulfur takes
more than one step.

© Dissolving In the first step,
water is added, and the mixture is
stirred. Salt dissolves in water.
Sulfur does not.

@ Filtering In the second step, the
mixture is poured through a filter.
The filter traps the solid sulfur.

€© Evaporating In the third step,
the water is evaporated. The
sodium chloride is left behind.
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Figure 3 These paperweights
are made of granite. Their
colors differ because the
granite in each paperweight
has ratios of minerals that
differ from the ratios in the
other paperweights. Based

on this information, how

can you tell that granite is
not a compound?

solution (suh LOO shuhn) a homo-
geneous mixture throughout which
two or more substances are uni-
formly dispersed

solute (SAHL yoot) in a solution,
the substance that dissolves in the
solvent

solvent (SAHL vuhnt) in a solution,
the substance in which the solute
dissolves

144 Chapter 5

The Ratio of Components in a Mixture

A compound is made of elements that are mixed in a spe-
cific mass ratio. However, the components of a mixture do not
need to be mixed in a definite ratio. For example, granite is
a mixture made of three minerals: feldspar, mica, and quartz.
Feldspar is pink. Mica is black. Quartz is colorless. Look at the
egg-shaped paperweights in Figure 3. The granite of the pink
one has more feldspar than it does mica or quartz. So, this
paperweight is pink. The granite of the black one has more
mica than it does other minerals. The granite of the gray one
has more quartz than it does other minerals. Even though
the proportions of the minerals change, the combination of
minerals is always a mixture called granite. Table 1 summarizes
the differences between mixtures and compounds.

@& "D Mixtures and Compounds

Mixtures Compounds

Made of elements, Made of elements

compounds, or both

Change in original
properties of components

No change in original
properties of components

Separated by physical Separated by chemical
means means

Formed using any ratio of
components

Formed using a set ratio
of components

Solutions

A solution is a homogeneous mixture that appears to be a
single substance. A solution is composed of particles of two or
more substances that are distributed evenly among each other.
Solutions have the same appearance and properties throughout
the mixture.

The process in which particles of substances separate and
spread evenly throughout a mixture is known as dissolving.
In solutions, the solute is the substance that is dissolved. The
solvent is the substance in which the solute is dissolved. A
solute must be soluble, or able to dissolve, in the solvent.
A substance that is insoluble, or unable to dissolve, forms a
mixture that is not a solution.

Salt water is a solution. Salt is soluble in, or can dissolve
in, water. So, salt is the solute, and water is the solvent. When
two liquids or two gases form a solution, the substance that
is present in the largest amount is the solvent.

Elements, Compounds, and Mixtures



@ TI¥Y Examples of Solutions in Various States

States Examples

Gas in gas dry air (oxygen in nitrogen)

Gas in liquid soft drinks (carbon dioxide in water)
Liquid in liquid antifreeze (alcohol in water)

Solid in liquid salt water (salt in water)

Solid in solid brass (zinc in copper)

Examples of Solutions

You may think that all solutions are liquids. Tap water, soft
drinks, gasoline, and many cleaners are liquid solutions. But,
solutions may also be gases. Air is a solution that is a gas. Solu-
tions may even be solids—steel is a solid solution. Alloys are
solid solutions in which metals or nonmetals are dissolved in
metals. Brass is an alloy of the metal zinc dissolved in copper.
Steel is an alloy of the nonmetal carbon and other elements
dissolved in iron. Table 2 lists more examples of solutions.

Particles in Solutions

The particles in solutions are so small that they will not
come out of solution. They also cannot be removed by filter-
ing. Solute particles are so small that they do not scatter light.
Both jars in Figure 4 contain mixtures. The mixture in the jar
on the left is a solution of salt in water. The jar on the right
holds a mixture—but not a solution—of gelatin in water.

ML cNe 9 What property of the mixture of gelatin in water
tells you that the mixture is not a solution? ()8..c

\IRNET ATl

A Physical
Science Fairytale

What methods are used to
separate mixtures? Write a
fairytale about how scientific
methods helped separate a
mixture when magic failed.
Go to go.hrw.com, and type
in the keyword HY7MIXW.

Figure 4 Both of these jars
contain mixtures. The mixture
in the jar on the left, however,
is a solution. The patrticles in
solutions are so small that they
do not scatter light. Therefore,
you can't see the path of light
through the solution.
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Figure 5 The dilute solution
(left) contains less solute than
the concentrated solution (right).

concentration (kaHN suhn TRAY shuhn)
the amount of a particular substance
in a given quantity of a mixture, solu-
tion, or ore

solubility (saHL yoo BIL uh tee) the
ability of one substance to dissolve in
another at a given temperature and
pressure

Wordwise The root solute- means
“to free” or “to loosen.”

MQLO

Identifying Solutes by Solubility

Concentration of Solutions

A measure of the amount of solute dissolved in a given
amount of solvent is concentration. Concentration can be
expressed in grams of solute per milliliter of solvent (g/mL).
Solutions can be described as being concentrated or dilute. In
Figure 5, the two solutions have the same amount of solvent,
but different amounts of solute. The solution on the left con-
tains less solute than the solution on the right. The solution
on the left is dilute. The solution on the right is more con-
centrated than the solution on the left. The terms dilute and
concentrated do not tell you the concentration of solute.

Solubility

If you add too much sugar to a glass of lemonade, some
of the sugar cannot dissolve. Some of it sinks to the bottom.
To find the maximum amount of sugar that can dissolve, you
must know the solubility of sugar. Solubility refers to the ability
of a solute to dissolve in a solvent at a certain temperature.
Figure 6 shows how temperature affects the solubility of several
solid substances.

8.7.c
In water, sugar is almost eight times as soluble 3. If both substances completely
as table salt is. In this activity, you will use sol- dissolve, repeat step 2.
ubility to distinguish sugar from table salt. 4. When one of the unknown
1. Label one 50 mL beaker as A and a second substances no longer
50 mL beaker as B. Using a graduated dissolves in the solution,
cylinder, measure and pour 10 mL of record which substance

water into each beaker.
2. Use a balance to measure 2 g of

compound A and place it into beaker A.

stopped dissolving and
how much of each
substance was used.

Measure 2 g of compound B and put it 5. Identify which substance

into beaker B. Stir each mixture.

is sugar and which is salt.

@ 20 min

146 Chapter 5 Elements, Compounds, and Mixtures



Solubility of Different Solids In Water

For most solids, solubility
increases as temperature
increases. So, the amount
of solute that can dissolve
increases as temperature
increases. But, some sol-
ids, such as cerium sul-
fate, become less soluble
as temperature increases.

Vo

SECTION

Review

Summary,

® A mixture is a combination
of two or more substances,
each of which keeps its
own characteristics.

® Mixtures can be separated
by physical means, such as
filtration and evaporation.

® A solution is a mixture that
appears to be a single sub-
stance but is composed of a

solute dissolved in a solvent.

® Concentration is a measure
of the amount of solute dis-
solved in a given amount of
solvent.

® The solubility of a solute is
the ability of the solute to
dissolve in a solvent at a
certain temperature.

Solubility (g/100 mL of water)

240
200

160
120

Potassium bromide

80
40

Sodium chloride

Cerium sulfate
0 20 40 60 80 100
Temperature (°C)

Using Vocabulary © Analyzing Identify the solute

and solvent in a solution made
Correct each statement by replacing of 15 mL of oxygen and 5 mL
the underlined term. of helium.

@ The solvent is the substance that
is dissolved. Critical Thinking

2 measure of the: ATl Of_ (6 ) Applying Concepts Soft drinks
solute dissolved in a solvent is contain sugar and carbon diox-
solubility. ide. An open soda will lose

carbonation. But, the soda will

Understanding Concepts not become less sweet. Use

the properties of the solutes to

INTERPRETING GRAPHICS Use explain why.
the graph below to answer the next
two questions. © Making Comparisons What

are three ways that mixtures

Solubility of Different Substances differ from compounds?

200
160 R orate S,
%%E ig Sodiu%od‘lloride (3 ) Applying Concepts Suggest a
— . procedure by which to separate
20 40 60 iron filings from sawdust. Explain
Temperature (°C) why this procedure works.

© Identifying At what tempera-
ture is 120 g of sodium nitrate
soluble in 100 mL of water?

O Comparing At 60°C, how much
more sodium chlorate than
sodium chloride will dissolve in
100 mL of water?

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Mixtures QA
SciLinks code: HY70974




Using Scientific Methods

Skills Practice [1£)

&)
LOBJECTIVES

Observe flame colors emitted
by various compounds.

Determine the composition of
an unknown compound.

MATERIALS J

e Bunsen burner
e chloride test solutions (4)

e hydrochloric acid, dilute, in a
small beaker

o spark igniter

« tape, masking

e test tubes, small (4)
o test-tube rack

« water, distilled, in a small
beaker

e wire and holder

SAFETY

PHCOO

8.3.b Students know that compounds are formed
by combining two or more different elements and
that compounds have properties that are different
from their constituent elements.

8.5.a Students know reactant atoms and
molecules interact to form products with different
chemical properties.

8.7.¢ Students know substances can be classified
by their properties, including their melting
temperature, density, hardness, and thermal and
electrical conductivity.

Investigation and Experimentation
8.9.a Plan and conduct a scientific investigation
to test a hypothesis.
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Flame Tests

Fireworks produce fantastic combinations of color when
they are ignited. The many colors are the results of burning
many different compounds. Imagine that you are the head
chemist for a fireworks company. The label has fallen off one
box, and you must identify the unknown compound inside so
that the fireworks may be used in the correct fireworks display.
To identify the compound, you will use your knowledge that
every compound has a unique set of properties.

Ask a Question

o How can you identify an unknown compound by heating it in
a flame?

Form a Hypothesis

O Write a hypothesis that is a possible answer to the question
above. Explain your reasoning.

Test the Hypothesis

o Arrange the test tubes in the test-tube rack. Use masking tape
to label each tube with one of the following names: calcium
chloride, potassium chloride, sodium chloride, and unknown.

o Copy the table below. Then, ask your teacher for your portions
of the solutions. Caution: Be very careful in handling all chem-
icals. Tell your teacher immediately if you spill a chemical.

Compound Color of flame

Calcium chloride

Potassium chloride

Sodium chloride

Unknown

Elements, Compounds, and Mixtures



o Light the burner. Clean the wire by dipping it
into the dilute hydrochloric acid and then into
distilled water. Holding the wooden handle,
heat the wire in the blue flame of the burner
until the wire is glowing and it no longer colors
the flame. Caution: Use extreme care around
an open flame.

o Dip the clean wire into the first test solution.
Hold the wire at the tip of the inner cone of
the burner flame. Record in the table the color
that the burning solution gives to the flame.

o Clean the wire by repeating step 5. Then,
repeat steps 5 and 6 for the other solutions.

© Follow your teacher's instructions for cleanup
and disposal.

Analyze the Results

@) Identifying Patterns Is the flame color a
test for the metal or for the chloride in each
compound? Explain your answer.

(D Analyzing Data What is the identity of your
unknown solution? How do you know?

Draw Conclusions

m Evaluating Methods Why is it necessary
to carefully clean the wire before testing
each solution?

(@ Making Predictions Would you expect the
compound sodium fluoride to produce the
same color as sodium chloride in a flame test?
Why or why not?

@ Interpreting Information Each of the
compounds that you tested is made from
chlorine, which is a poisonous gas at room
temperature. Why is it safe to use these
compounds without a gas mask?

Big Idea Question

(@ Analyzing Methods You can use the flame
test to determine if sodium is one of the ele-
ments in a compound. But you would not use
the flame test on a pure metal to determine if
the metal is sodium. Explain why.




Science Skills Activity

Data

Analysis Graphs Calculation

Scientific
Methods

Investigation and
& Experimentation
8.9.¢ Distinguish between variable and

controlled parameters in a test.

Identifying Types of Parameters
P> Tutorial

Many factors can affect the results of an experi-
ment. So, when you plan an experiment, you must
consider all of these factors or parameters. As part
of your test plan, you will need to identify each
parameter as controlled or variable.

© The values of the controlled parameters will
not change during your experiment.

© After your experiment is complete, you could
make a table or graph to determine the rela-

) tionship between your variable parameters.
@ !dentify what you want to test. For example,

you may want to test how temperature affects
the solubility of a substance. The parameters

that change during the experiment are the Trial I:
variable parameters. Your goal is to find Amount of water = 100 ml (controlled)
out the relationship between the variable Temperature = 20° C (ariable)

parameters.

© List all of the other factors that could affect the
results of your experiment. Examples of factors
other than temperature that could affect the
solubility of a substance are the amount of
solute and the amount of solvent. To prevent
these factors from affecting your test, you will
need to keep their values constant. These fac-
tors that are kept constant are your controlled
parameters.

© When designing your experiment, you choose
how much the values of a variable parameter
will change between each measurement. For
example, you might want to record the sub-
stance’s solubility every 20°C, every 10°C, or
even every 1°C.

P> You Try It!

Amount of sodium nitrate
dissolved = 8 4

Trial 3:
Amount of water = 100 ml (controlled)
Temperature = 60° C (varicble)

Amount of sodium nitrate
dissolved = 122 4

Plan an experiment to find out the relationship
between the solubility of Epsom salt and the vol-
ume of water. You will do this by mixing increasing
amounts of Epsom salt in water until no more wiill
dissolve. Your parameters will be the amount of
Epsom salt (in grams), the amount of water (in
milliliters), and the temperature of the water (in
degrees Celsius). If your plan is approved by your
teacher, conduct the experiment.

@ !dentifying What are your variable parame-
ters? Why did you choose those parameters?
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@ Designing What is your controlled parameter?

Why is having a controlled parameter during
your experiment important?

© Concluding What relationship did you find

between your variable parameters?

© Concluding Calculate the solubility of Epsom

salt (g of Epsom salt/mL of water).

© Designing If you needed to repeat this exper-

iment, how would you change your design to
improve your results? Explain your reasoning.

Elements, Compounds, and Mixtures



Chapter;Summary;

Matter can be classified into
elements, compounds, and mixtures.

The Big Idea

) Elements

Key Concept An element is made up
of only one type of atom and can be
classified by a unique set of properties.

® An element is a pure substance in which there is
only one kind of atom.

® An element cannot be broken down into a sim-
pler substance by physical or chemical means.

® Each element can be classified by a unique set
of physical and chemical properties.

® Based on their properties, elements are classified
as metals, nonmetals, or metalloids.

Compounds
Key Concept A compound is formed by

chemically combining two or more elements.

® A compound is made up of two or more elements
that are chemically combined to form a new
substance with different properties.

® During a chemical reaction, the reactant atoms of
two or more elements interact and join to form
molecules of one or more compounds.

@ Each compound has a unique set of physical and
chemical properties that differ from the properties
of the elements that make up the compound.

Mixtures

Key Concept A mixture is a combination
of two or more substances that are not
chemically combined.

@ Mixtures can be separated by physical means,
such as distillation, filtration, and evaporation.

® A solution is a mixture that appears to be a
single substance but is composed of a solute
dissolved in a solvent.

@ Concentration is a measure of the amount of
a solute dissolved in a given amount of solvent.

—

Copper

lodine
Boron

Each element has a unique
set of properties that sets it
apart from other elements.

The properties of a compound
differ from the properties of the
elements it is composed of.

[
=2

Substances in mixtures can be
separated by physical means.

go.hrw.com

SUPER SUMMARY

KEYWORD: HY7MIXS

CVocabulary _

element p. 134

pure substance p. 134
metal p. 136
nonmetal p. 136
metalloid p. 136

compound p. 138

mixture p. 142
solution p. 144
solute p. 144
solvent p. 144
concentration p. 146
solubility p. 146

Chapter Summary 151



Key-Term Fold Review the
FoldNote that you created at the
beginning of the chapter. Add to or
correct the FoldNote based on
what you have learned.

Using Vocabulary

© Academic Vocabulary In the sentence “The
constituent elements of water are hydrogen
and oxygen, “ what does the word constituent
mean?
a. empowered to elect
b. component
c. two
d. only

Complete each of the following sentences by
choosing the correct term from the word bank.

compound element
solution solute
nonmetal metal

© A(n) ___ has a definite ratio of components.

© A(n) ___is a pure substance that cannot be
broken down into simpler substances by
chemical means.

O A(n) __is an element that is brittle and dull.

© The __is the substance that dissolves to form
a solution.

Understanding Concepts

Multiple Choice

© Which of the following statements describes

elements?

a. All of the particles in the same element
are different.

b. Elements can be broken down into
simpler substances.

¢. Elements have unique sets of properties.

d. Elements cannot be joined in chemical
reactions.

152 Chapter 5

8.3.b, 8.5.a,

© Which of the following best describes chicken
noodle soup?
a. element
b. mixture

¢. compound
d. solution

© An element that conducts thermal energy
well and is easily shaped is a
a. metal.
b. metalloid.
¢. nonmetal.
d. None of the above

© Which of the following substances can be
separated into simpler substances only by
chemical means?
a. sodium
b. salt water

C. water
d. gold

Short Answer

INTERPRETING GRAPHICS The pie graphs below
show the composition of citric acid and table sugar
by element (percentage by mass). Use the pie
graphs to answer the next three questions.

Composition of
Citric Acid

Composition of
Table Sugar

51.5%
Oxygen

58.3%
Oxygen

42.1%
Carbon

4.2 Hydrogen
Hydrogen

@ Analyzing What is the percentage by mass
of carbon found in citric acid?

@ Identifying What is the difference between
the percentage of hydrogen in citric acid and
the percentage of hydrogen in table sugar?

@ Comparing Citric acid and table sugar are
compounds. How can you tell from the pie
graphs that citric acid and table sugar are not
the same compound? Explain your reasoning.

Elements, Compounds, and Mixtures



@® Comparing What is the difference between
an element and a compound?

@ Evaluating When nail polish is dissolved in
acetone, which substance is the solute, and
which is the solvent?

@ Evaluating Many gold rings are made out of
14-karat gold, which is an alloy of gold, silver,
and copper. Is 14-karat gold a pure substance?

@ Communicating Concepts Write an essay
that could clearly explain to a third grade stu-
dent the difference between elements, com-
pounds, and mixtures. Your essay should have
a thesis statement and include examples that
support your ideas. Finally, make sure that your
essay has a conclusion sentence.

Critical Thinking

@ Concept Mapping Use
the following terms to create
a concept map: matter,
element, compound, mixture,

and solution. O O

@ Making Inferences A light green powder is
heated in a test tube. A gas is given off, and
the powder becomes a black solid. In which
classification of matter does the green powder
belong? Explain your reasoning.

@ Applying Concepts Explain two properties
of mixtures using a fruit salad as an example
of a mixture.

@ Forming Hypotheses Temperature affects
the solubility of substances. Gases become
less soluble as temperature increases. To keep
the “fizz" in carbonated beverages after they
have been opened, should you store them in
a refrigerator or in a cabinet? Explain.

@ Analyzing Ideas Both carbon monoxide
and carbon dioxide are made of carbon and
oxygen, but they are not the same compound.
Explain why these compounds differ from
each other.

@ Applying Concepts When hydrogen and
oxygen react to form water, what happens to
the atoms of the hydrogen and oxygen?

INTERPRETING GRAPHICS Dr. Sol Vent did an
experiment to find the solubility of a compound.
The data below were collected using 100 mL
samples of water. Use the table below to answer
the next two questions.

Temperature (°C) 10 | 25|40 | 60 | 95
XN R TTEN (Y 150 | 70 | 34 | 25 | 15

(23] Forming Hypotheses Use a computer or
graph paper to construct a graph of Dr. Vent's
results. Examine the graph. To increase the
solubility, would you increase or decrease the
temperature? Explain.

@ Predicting Consequences If 200 mL
samples of water were used instead of 100 mL
samples, how many grams of the compound
would dissolve at 40°C?

@ Making Calculations What is the concentra-

tion of a solution prepared by dissolving 50 g
of salt in 200 mL of water?

@ Making Calculations How many grams of
sugar must be dissolved in 150 mL of water
to make a solution that has a concentration
of 0.6 g/mL?

Challenge

@ Applying Concepts Describe a procedure
that will separate a mixture of salt, finely
ground pepper, and pebbles. Carefully con-
sider the order in which you will perform each
step. Explain why you chose the steps you did
for each substance. How does knowing the
properties of matter help you separate the
substances in mixtures?
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words means “to
act upon one another™?

A interact
B convert
C dissolve

D transform

0 In the sentence “Argon has several
properties distinct from other gases,”
what does distinct mean?

A making a clear impression
B notable
C separate
D easily seen

0 Which of the following words means
“a substance formed by chemically
combining two or more elements™?

A molecule
B compound
C mixture
D

solution

o In the sentence “Atoms of a certain
element have a definite structure,”
which word is the closest in meaning
to structure?

A arrangement
B size

C property
D density

e Choose the word that best completes the
sentence “Elements sometimes undergo
a chemical ___ to form new substances.”

A react
B reactor
C reaction
D

reactive

154 Chapter 5

Assessme

°) 8.3.e, 8.5.a, 8.7.c

REVIEWING CONCEPTS

Fundamental substances that cannot be
broken down chemically into simpler
substances are

A elements
B ions

C bonds
D electrons

o Imagine that you were asked to classify
four samples of equal and known
volume, each of which was made up of
a single element. Which factor would be
most useful for identifying them?

A mass
B shape
C hardness
D

original source

Properties of Substances

Mass | Boiling Point | Density
Substance | (g) (°c) (kg/m?3)
20 40 20
B 1,000 100 35
C 1,000 40 100
D 1,000 40 20

0 Which two substances in the table are
most likely the same?

A substances A and C
B substances B and D
C substances C and D
D substances A and D

Elements, Compounds, and Mixtures




o If two poisonous gases are combined
chemically, which of the following will be
true of the resulting compound?

A The compound will be more poisonous
than the gases.

B The compound will be as poisonous as
the gases.

C The compound may or may not be
poisonous.

D The compound will not be poisonous.

@ Which of the following processes can
break down a compound?

A dissolving and filtering

B distilling at the boiling points of the
compound’s components

C using a magnet to attract the
compound’s metallic components

D applying an electric current

The diagrams below represent the distribution of
substances in four samples.

Sample 1 Sample 2
<AB> <AB> <AB> A B A A
<AB> <AB> <AB> B B A A
<AB> <AB> <AB> A B A A

Sample 3 Sample 4
<AB>A B B A B A B
A B A A B A B A
B <AB> A B A B A B

m In the illustrations above, A and B are
elements, and <AB> is a compound of
elements A and B. Which illustration
represents a solution of A and B?

A Sample 1
B Sample 2
C Sample 3
D Sample 4

REVIEWING PRIOR LEARNING

@ When a solid copper block is heated at
one end, the entire block is eventually
heated. By what process is the heat
transferred?

A conduction
B convection
C refraction
D

radiation

@ Which of the following is most likely to
occur when warm water is mixed with
cold water?

A The warm and cold water remain at
their original temperatures.

B The mixed water soon reaches the same
temperature as the cold water.

C The mixed water soon reaches the same
temperature as the warm water.

D The mixed water soon reaches a
temperature between the temperatures
of the warm water and the cold water.

@ If the molecules of a substance are
locked in place, the substance is most
likely a(n)

A element.
B compound.
C gas.
D solid.

@ Which of the following occurs when a
liquid is boiled?

A lts molecules break apart from each
other.

It undergoes a chemical reaction.

JUDWISSISSY Spaepuels

It breaks down into its elements.

D Its molecules lock into place.
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Science
in Action

Weird Science

Dry Cleaning: How Stains Are Dissolved
Sometimes, water and detergent alone won’t
remove stains. For example, have you got-
ten ink on your sweater? Or have you spilled
something greasy on your shirt? If so, your
clothes probably need to be dry-cleaned. Dry
cleaning does involve liquids, but it does not
involve water. First, the kind of stain must
be determined. If the stain will dissolve in
water, a stain remover for that particular stain
is applied. Then, the stain is removed with a
steam gun. But some stains, such as grease or
oil, won’t dissolve in water. This kind of stain
is treated with a nonwater liquid solvent,
such as perchloroethylene. The clothing is
then cleaned in a dry-cleaning machine.

Language Arts A VJT}'

Imagine that you are a stained article of
clothing. Write a five-paragraph short story
describing how you became stained and
how the stain was removed by the
dry-cleaning process. You may need to
research the dry-cleaning process before
writing your story.
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Science, Technology,
and Society

Fireworks Over California

From Chinese New Year celebrations in
San Francisco to daily shows in San Diego
amusement parks, brilliant fireworks light
up the California skies. But have you ever
wondered how the explosions of color are
created? Firework shells contain a mixture of
chemical compounds. The compounds that
cause the fireworks to explode are found in
gunpowder. Each of the compounds that
create the colors give off light of a certain
color when they are heated. The mixture is
cut into pieces called stars that are put into
the firework casing. The stars are sent across
the sky, creating the dazzling light display.

Social Studies A;J!!,I}'

Fireworks or pyrotechnics have been used
for hundreds of years in China and in
Europe. Use the library or the Internet to
find information about the types of fire-
works used in past centuries and what the
fireworks were used for. Make a timeline
on a poster that summarizes what you
have learned.

Elements, Compounds, and Mixtures




Careers
Aundra Nix

Metallurgist Aundra Nix is a chief metallurgist for a copper mine in Sahuarita, Arizona,
where she runs laboratories and supervises other engineers. “To be able to look at rock in
the ground and follow it through a process of drilling, blasting, hauling, crushing, grind-
ing, and finally mineral separation—where you can hold a mineral that is one-third copper
in your hand—is exciting.”
Although she is a supervisor, Nix
enjoys the flexible nature of her job. “My
work environment includes office and
computer work, plant work, and outdoor
work. In this field you can ‘get your hands
into it,” which I always prefer,” says Nix.
“I did not want a career where it may be
years before you see the results of your
work.” Nix enjoyed math and science, “so
engineering seemed to be a natural area
to study,” she says. Nix’s advice to stu-
dents planning their own career is that
they learn all they can about science and
technology, because that is the future.

\ N ) 5 2

math BETiViTy
A copper-mining company employed a total of
about 2,300 people at three locations in New
Mexico. Because of an increase in demand for
copper, 570 of these workers were hired over a
period of a year. Of the 570 new workers, 115
were hired within a three-week period. What
percentage of the total work force do the newly
hired employees represent? Of the new work-
ers who were hired, what percentage was hired
during the three-week hiring period?

. 4 " ] n ',ﬁ- .;"ﬂ 3
R Y il
p / ! £V Y Internet Resources
;7/ sl ol 4 4
-~ /g r> 8% s ® To learn more about @ To learn more about @ Check out articles

; $ AR e careers in science, visit  these Science in Action  related to this chapter

A oy A 34 " » www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
* ‘i y o enter the SciLinks code ~ and type in the key- Just type in the key-
. 4 * HY70225. word HY7MIXF. word HY7MIXC.
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Around
400 BCE

The Greek philosopher

T l M E l. I N E Democritus proposes

that small particles

called atoms make up
all matter.

Thousands of years ago,

people began asking the

question, “What is matter

made of?” This unit follows

1897 1911

the discoveries and ideas British scientist J. J. Ernest Rutherford, a

that have led to our current Thomson identifies physicist from New
. i Zealand, discovers

heori b wh mak electrons as particles a2

theories about ) at makes that are present in the positively

up matter. You will learn every atom. charged nucleus

about the atom—the build- of the atom.
ing block of all matter—
and its structure. You wiill
also learn how the periodic
table is used to classify
and organize elements
according to patterns in 1981
atomic structure and other scientists in Switzerland

develop a scanning
properties. This timeline ' tunneling microscope,
illustrates some of the which is used to see
events that have led to our atoms for the first tme.
current understanding of
atoms and of the periodic
table in which they are
organized.
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1803 1848 1869

British scientist and . James Marshall finds Russian chemist Dmitri
school teacher John &:44-%- gold while building Mendeleev develops
Dalton reintroduces 2 v o7 sutter’s Mill, starting a periodic table that
the concept of atoms < the California gold rush. organizes the elements
with evidence to known at the time.

support his ideas.

1932 1945

The neutron, one of the The United Nations is
particles in the nucleus formed. Its purpose
of an atom, is discovered is to maintain world
by British physicist James peace and develop
Chadwick. friendly relations

between countries.

1989 1996

2001

Germans celebrate when the Another element Researchers use electron
Berlin Wall ceases to function is added to the beam technology to

as a barrier between East and periodic table after create a tiny silicon
West Germany. a team of German transistor that is only

scientists synthesize 80 atoms wide and that
an atom containing can run at speeds of
112 protons in almost 20 gigahertz.

its nucleus.
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Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a concept map. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Concept Map When to Use a Concept Map

@ !dentify main ideas from the text, and write Concept maps are useful when you are trying
the ideas as short phrases or single words. to identify how several ideas are connected to

© Select a main concept. Place this concept at a main concept. Concept maps may be based
the top or center of a piece of paper. on vocabulary terms or on main topics from the

text. The concept map below shows how the
important concepts of this chapter are related.
As you read about science, look for terms that
can be organized in a concept map.

© Place other ideas under or around the
main concept based on their relationship
to the main concept. Draw a circle around
each idea.

@ Draw lines between the concepts, and add
linking words to connect the ideas.

Atoms
are the smallest particles
of an element that still have
the element’s properties.

are are
described observed
by with
modern i funn Sl(i::nm?gcfr n
atomic theory confain unneling eleciro
microscopes
nucleus electron

clouds

which

made of consist of N
Corotns > o
certain

neutrons @

You Try It!

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own concept map as directed in the
Reading Strategy for Section gJ. Record your work in your Science Journal.

energy
levels
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

8.3.a Students know the structure
of the atom and know it is composed of
protons, neutrons, and electrons.

structure (STRUHK chuhr) the
arrangement of the parts of a whole

AXANs

An atom is made up of small particles called
protons, neutrons, and electrons, which are
arranged in a predictable pattern.

8.7.b Students know each element
has a specific number of protons in the
nucleus (the atomic number) and each
isotope of the element has a different but
specific number of neutrons in the nucleus.

specific (spuh SIF ik) unique; peculiar to
or characteristic of; exact

The number of protons in the nucleus of an
atom of an element differs from the number
of protons in the nucleus of an atom of a
different element. Isotopes are atoms of

an element that have different numbers of
neutrons in their nuclei.
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Introduction
to Atoms

The Atoms are composed
Blg of small particles that

determine the properties
Idea of the atom.

MR California Standards

Focus on Physical Sciences

8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Section 1)

8.7 The organization of the periodic table is based on the properties
of the elements and reflects the structure of atoms. (Sections 1 and 2)

Investigation and Experimentation
8.9 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Science Skills Activity)

Math
7.1.2 Number Sense

English-Language Arts
8.2.2 Reading

¢ Booklet
8.2.3 Writing

Before you read the chapter, create the
FoldNote entitled “Booklet” On the front
cover, title the booklet “Atoms.” Label
each page of the booklet with a step in
the historical development of ideas about
i atoms beginning with the

ideas of Democritus. As you

read the chapter, fill in the

About the Photo

Would you believe that the gears and chain booklet with details about
shown are so small that the whole thing the historical development
would fit on a pinhead? Researchers at Sandia of ideas about atoms.
National Laboratories made this tiny machine. . .
. . . Instructions for creating
This image shows the machine at great FoldNotes are located in .
magnification. But the atoms that the machine the Study Skills section
is made of are so small that they still cannot on p. 518 of the Appendix.
be seen in this image.
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A Model of Exploring the Atom 4. Carefully roll a marble under the 8.9.a
Scientists have been able to gather information cardboard. Record on the paper the
about atoms without actually seeing them. In this position where the marble enters and exits.
activity, you will do something similar. You will form Also, record the direction it travels.
an idea about the location and size of a hidden 5. Keep rolling the marble from different directions
object by rolling marbles at it. to collect data about the shape and location of
the object. Write d ions.

Procedure j ite down all of your observations
1. Place a rectangular piece of cardboard on Analysis

four books or blocks so that each corner of 6. Form a conclusion about the object’s shape,

the cardboard rests on a book or block. size, and location. Record your conclusion.
2. Your teacher will place an unknown object 7. Lift the cardboard, and look at the object.

under the cardboard. Be sure that you cannot Compare your conclusions with the object’s

see the object. actual size, shape, and location.

3. Place a large piece of paper on top of pr—
the cardboard.




What You Will Learn

® There have been different models of
the atom over time.

® The atomic theory has changed as
scientists have experimented and
discovered new information about
the atom.

Why It Matters

Scientific ideas change as new data
are gathered. This is an important
characteristic of science.

Vocabulary
» atom  nucleus
« electron « electron cloud

READING STRATEGY

Graphic Organizer In your

Science Journal, create a Concept
Map by using the terms modern
atomic theory, Dalton’s atomic theory,
atom, created, divided, destroyed,
element, new substances.

atom (AT uhm) the smallest unit of
an element that maintains the prop-
erties of that element

Wordwise The prefix a- means “not”
The root tom- means “to cut”
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Development of the
Atomic Theory

Key Concept Scientists have done experiments that have
revealed important clues about the structure of atoms.

P Have you ever watched a mystery movie and thought you
knew who the criminal was? Have you ever changed your
mind because of a new fact or clue? The same thing happens in
science! Sometimes, an idea or model must be changed as new
information is gathered. In this section, you will see how our
ideas about atoms have changed over time.

The Beginning of Atomic Theory

Imagine that you cut something in half. Then, you cut each
half in half and continue doing so. Could you keep cutting the
pieces in half forever? Around 440 BCE, a Greek philosopher
named Democritus (di MAHK ruh tuhs) thought that you would
eventually end up with a particle that could not be cut. He
called this particle an atom. The word atom is from the Greek
word atomos, which means “not able to be divided.”

Although it was a long time before most people agreed
that matter was made of atoms, Democritus was right in an
important way. We now know that matter is made of par-
ticles that we call atoms. An atom is the smallest particle into
which an element can be divided and still have the proper-
ties of that element. Today’s technology allows us to produce
images of atoms. Figure 1 shows a picture of aluminum atoms
made using a scanning tunneling electron microscope (STM).
But long before they could actually scan atoms, scientists had
ideas about them.

T,

Figure 1 Aluminum cans,
like all matter, are made of
atoms. Aluminum atoms can
be seen here as an image
from a scanning tunneling
electron microscope.



Dalton’s Atomic Theory -
Based on Experiments
8.3.a Students know the structure of the atom

By the late 1700s, scientists had learned that elements com- and know it is composed of protons, neutrons, and

bine in certain proportions based on mass to form compounds. electrons.

For example, hydrogen and oxygen always combine in the same

proportion to form water, H,O. John Dalton, a British chemist

and teacher, wanted to know why. He experimented with dif-

ferent substances. His results suggested that elements combine

in certain proportions because they are made of atoms. Dalton,

shown in Figure 2, published his atomic theory in 1803. His

theory stated the following ideas:

e All substances are made of atoms. Atoms are small par-
ticles that cannot be created, divided, or destroyed.

e Atoms of the same element are exactly alike, and atoms
of different elements are different.

e Atoms join with other atoms to make new substances.

Dalton’s theory was an important step toward the current
understanding of atoms. By the end of the 1800s, scientists
agreed that Dalton’s theory explained much of what they saw.
However, new information was found that did not fit some
of Dalton’s ideas. The atomic theory was then changed to
describe the atom more accurately. As you read on, you will
learn how Dalton’s theory has changed, step by step, into the
modern atomic theory.

Figure 2 John Dalton developed
his atomic theory from observations
gathered from many experiments.
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Almost all gas was removed

from the glass tube.

i
F
= ¢
AR

An

was made when the
tube was connected
to a source of elec-

invisible beam

trical energy.

electron (ee LEK TRAHN) a subatomic
particle that has a negative charge

Figure 4 Thomson proposed

that electrons were located

throughout an atom like plums
in a pudding, as shown in this

model.
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@TLXP Thomson's Cathode-Ray Tube Experiment

When the plates were not
charged, the beam made
a glowing spot here.

/

When the plates were
charged, the beam produced

Metal plates could be a glowing spot here after
charged to change the being pulled toward the
path of the beam. positively charged plate.

Thomson’s Discovery of Electrons

In 1897, a British scientist named J. J. Thomson showed
that Dalton’s theory was not quite right. Thomson discovered
that there are small particles inside the atom. Thus, atoms can
be divided into even smaller parts.

Thomson experimented with a cathode-ray tube like the one
shown in Figure 3. He discovered that a positively charged plate
(marked with a plus sign in the drawing) attracted the beam
and made it bend down. Thomson concluded that the beam
must be made of particles that have negative electric charges,
because opposite charges attract. The negatively charged par-
ticles that Thomson discovered are now called electrons.

Thomson showed that electrons are a part of atoms, but his
experiment did not provide a way of knowing where electrons
were located in atoms. So, he made a guess that the electrons
were mixed throughout an atom, like plums in a pudding.
Thomson’s proposed model of the atom is sometimes called
the plum-pudding model, after a dessert that was popular in
Thomson’s day. This model is shown in Figure 4. Today, you
might call Thomson'’s model the chocolate chip ice-cream model.
Chocolate chips represent electrons. The ice cream represents
the rest of the atom.

Introduction to Atoms



Rutherford’s Atomic “Shooting Gallery”

In 1909, a former student of Thomson’s named Ernest
Rutherford decided to test Thomson'’s theory. He designed an
experiment to study the parts of the atom. He aimed a beam
of small, positively charged particles at a thin sheet of gold foil.
Rutherford put a special coating behind the foil. The coating
glowed when hit by the positively charged particles. Ruther-
ford could then see where the particles went after hitting the
gold. This experiment would show if atoms have different parts
or if they are all the same throughout, as the plum-pudding
model suggested. Figure 5 shows how Rutherford’s experiment
was set up.

Rutherford started with Thomson'’s idea that atoms are soft
“blobs” of matter through which electrons are evenly distrib-
uted. Therefore, he expected the particles to pass right through
the gold in a straight line. Most of the particles did just that.
But to Rutherford’s great surprise, a few of the particles were
deflected (turned to one side). Some even bounced straight
back. Rutherford reportedly said,

’Ttwmgwdt&th&mo;tﬁwedébl&w%thatm WWM
to me i my ly‘a It was almost as %/owﬁredw]@‘tm—m/w/wlé
tnto wpimty‘tkprwmitcmabmmw)/om”

@ TXD Rutherford's Gold-Foil Experiment

A few particles
bounced straight back.

An element such as
radium produced
the particles.

-
-
-
-
-

Lead stopped all of the positive
particles except for a small stream
aimed at a gold-foil target.

uick Lab
< 3

Mystery Box 8.9.a

1. Get a small sealed
box from your
teacher. Do not
open the box.

2. Write a
hypothesis
about what
you think the
box contains.

3. Carefully observe
the box and its properties.
Record your observations.

4. From your observations,
draw the inside of the box.
Label as many materials as
possible.

5. How is this process similar
to the process scientists
have used to study
the atom?

Some particles were
slightly deflected
from a straight path.

Most of the
particles passed
straight through
the gold foil.
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Figure 6 Rutherford’s model

of the atom had electrons 2 Nucleus
surrounding the nucleus at a 2
distance. (This model does not
show the true scale of sizes 4
and distances.) &
)
Electron @ ”

The Nucleus and the Electrons

The plum-pudding model of the atom did not explain what
Rutherford saw. Most of the tiny particles went straight through
the gold foil. A small number of them were deflected. He real-
ized that the explanation for this must be that most matter in
an atom is found in a very small part of the atom.
Based on his experiment, Rutherford revised the atomic
theory in 1911. He made a new model of the atom, as
Figure 6 shows. Rutherford proposed that in the center of
the atom is a tiny, extremely dense, positively charged area
nucleus (NOO klee uhs) in physical called the nucleus. Because like charges repel, Rutherford rea-
science, an atom’s central region, soned that positively charged particles that passed close by
which is made up of protons and Dy .
neutrons the nucleus were pushed away by the positive charges in the
nucleus. A particle that headed straight for a nucleus would
be pushed almost straight back in the direction from which it
came. From his results, Rutherford calculated that the diameter
of the nucleus was 100,000 times smaller than the diameter
of the gold atom. To get an idea of this difference in size,
look at Figure 7. From Rutherford’s results, the important idea
emerged that atoms are mostly empty space with a tiny, mas-
sive nucleus at the center.

NNl lef{ (W@ 49 Describe the structure of the atom according to
Rutherford’s model. s.:.a

Figure 7 The diameter
of this pinhead is
100,000 times smaller
than the diameter of
the stadium. This ratio
is about the same

as the ratio of the
diameter of a nucleus
to its atom.
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Bohr's Electron Levels

In 1913, Niels Bohr, a Danish scientist who worked with Electron clouds
Rutherford, studied the way that atoms react to light. Bohr’s Nucleus
results led him to propose that electrons move around the
nucleus in definite paths. In Bohr’s model, there are no paths
between the levels. But electrons can jump from a path in one
level to a path in another level. Think of the levels as rungs
on a ladder. You can stand on the rungs of a ladder but not
between the rungs. Bohr’s model was a valuable tool in pre-
dicting some atomic behavior. But the atomic theory still had

room for improvement. .
Figure 8 In the current model

The Modern Atomic Th eory of the atom, electrons surround
the nucleus in electron clouds

Many 20th-century scientists added to our current under- or orbitals.
standing of the atom. An Austrian physicist named Erwin
Schrodinger (ER veen SHROH ding uhr) and a German physicist
named Werner Heisenberg (VER nuhr HIE zuhn berkh) did
especially important work. They further explained the nature
of electrons in the atom. For example, electrons do not travel in electron cloud (ee LEK TRAHN KLOWD)
definite paths as Bohr suggested. In fact, the exact path of an a region around the nucleus of an
. . atom where electrons are likely to be
electron cannot be predicted. According to the current theory, found
there are regions inside the atom where electrons are likely to
be found. These regions are called electron clouds. Sometimes
the regions are called orbitals. The electron-cloud model of the
atom is shown in Figure 8.

Energy Levels

Electron clouds are regions in an atom where
electrons are likely to be found. Each electron
cloud exists at a certain energy level. Instead of
traveling in a definite path, as Bohr suggested,
each electron has a definite energy based on its
location around the nucleus. The energy of each
electron in an atom keeps it in motion around
the positive nucleus to which it is attracted. LRI R T

The bookshelves shown in Figure 9 can help 7 /LA ""IIIJI
you understand electrons in atoms. Each shelf e
represents an energy level. Each book represents
an electron. You can move a book to a higher

N i .'. llmm ”,m L
or lower shelf, but the right amount of energy / / 'F|.
must be used. And the book cannot be between l /

shelves. Likewise, electrons can move by gaining 17 o m .. "y

or losing energy, but they are never found between ll. , T
‘mi Al

energy levels. ! ]

(Nl fNe 9 What determines the definite

energies of electrons? (m8.3.a Figure 9 Like books on shelves, electrons have
definite energies.
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The Size of an Atom

Most of what we know about the atom was discovered
without seeing a single atom. But how small is an atom? Think
about a penny. A penny contains about 2 X 10** atoms (which
can be written as 20,000,000,000,000,000,000,000 atoms) of
copper and zinc. That’s 20 thousand billion billion atoms—
more than 3,000,000,000,000 times more atoms than people
on Earth! If there are that many atoms in a penny, each atom
must be very small.

Scientists know that aluminum is made of average-
sized atoms. An aluminum atom has a diameter of about
0.00000001 cm. That’s one hundred-millionth of a centimeter.
Take a look at Figure 10. Even things that are very thin, such as
aluminum foil, are made up of very large numbers of atoms.

Observing Atoms

In fact, atoms are so small that light waves are too large
to be used to observe them. Until recently, there were no
tools that could produce images of individual atoms. Even
though scientists have figured out a lot about the atom with-
Figure 10 This aluminum foil out direct images, theories about the atom can be extended
might seem thin to you. But it is and refined with these images. The tools that scientists now
about 100,000 atoms thick! use to observe atoms include the scanning tunneling electron
microscope. This tool can provide images like the one shown
in Figure 11. Still, these images do not show an actual picture
of an atom. They show a color-enhanced image of the surface
of a material at the atomic level. From Dalton’s time to the
present day, scientists have done a lot of work showing that
the atoms that Democritus suspected to exist really do exist!

Figure 11 The bumps in this
image are individual carbon
atoms in graphite.
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Review

® Democritus thought that matter is composed of
atoms.

® Dalton based his theory on observations of how
elements combine.

® Thomson discovered electrons in atoms.

® Rutherford discovered that atoms are mostly
empty space with a dense, positive nucleus.

® Bohr proposed that electrons are located in
levels at certain distances from the nucleus.

® The electron-cloud model represents the current
atomic theory.

® Atoms are extremely tiny, but scanning tunnel-
ing electron microscopes can be used to form
direct images of them.

Using Vocabulary

© In your own words, write a definition for the
term atom.

Correct each statement by replacing the
underlined term.

© The nucleus is a particle that has a negative
electric charge.

© The electron cloud is where most of an atom'’s
mass is located.

Understanding Concepts

O Describing What did Dalton do that Democri-
tus did not do in developing his atomic theory?

© Identifying What discovery demonstrated that
atoms are mostly empty space?

© Comparing What refinements did Bohr make
to Rutherford’s proposed atomic theory?

© Evaluating What about Bohr's atomic theory
was partially correct and was also refined by
other scientists?

INTERPRETING GRAPHICS Use the diagram
below to answer the next question.

!
o
-
@
d 5
or
L
. ]

© Identifying On a separate piece of paper,
make a copy of the diagram above. Label the
electrons and nucleus on your diagram. Identify
the kind of charge on each.

Critical Thinking

© Making Comparisons Compare the location
of electrons in an atom based on Bohr's theory
with the location of electrons in an atom based
on the current atomic theory.

@ Analyzing Methods How does the design of
Rutherford’s experiment show what he was
trying to find out?

@ Analyzing Ideas Why are the parts of an atom
that electrons occupy called electron clouds?

Challenge

@ Forming Hypotheses Rutherford performed
his gold-foil experiment to test Thomson's
plum-pudding model. Describe what the results
of Rutherford’s experiment would have looked
like if it had supported the plum-pudding model
instead of contradicted it.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Development of the Atomic Theory;
Current Atomic Theory N

SciLinks code: HY70399; HY70371




What You Will Learn

® Protons, neutrons, and electrons
make up atoms.

® All atoms of a given element have
the same number of protons in
the nucleus.

® |sotopes of an element differ by the
number of neutrons in the nucleus.

® Atomic mass is an average of the
masses of all of the naturally
occurring isotopes of an element.

® Four forces are at work in atoms.

Why It Matters

All matter is made up of atoms or
subatomic particles.

Vocabulary
* proton * atomic number
 atomic mass ¢ isotope

unit * mass number
* neutron « atomic mass

READING STRATEGY

Graphic Organizer In your Science
Journal, create a Spider Map about
the parts of an atom.

Wordwise subatomic
The prefix sub- means “under”

The nucleus is the small, dense,
positively charged center of the
atom. It contains most of the

atom’s mass.

8.3.a Students know the structure of the atom
and know it is composed of protons, neutrons,
and electrons.

8.7.b Students know each element has a
specific number of protons in the nucleus (the
atomic number) and each isotope of the element
has a different but specific number of neutrons
in the nucleus.
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The Atom

Key Concept An atom is made of protons, neutrons, and
electrons. Its properties are determined by these particles.

P Even though atoms are very small, they are made up of even
smaller particles. You can learn a lot about the parts that make up
an atom and what holds an atom together. In this section, you
will learn about how atoms are alike and how they are ditferent.

The Parts of an Atom

Almost all kinds of atoms are made of the same three
particles. These particles are protons, neutrons, and electrons,
as the model in Figure 1 shows. The particles in the pictures
are not shown in their correct proportions. If the particles
were shown correctly, the electrons would be too small to
see. Also, the electrons would be spaced much farther apart
from one another and from the nucleus. Atoms are mostly
empty space.

Subatomic Particles

Protons, neutrons, and electrons are called subatomic par-
ticles because they are each much smaller than an atom. The
number of subatomic particles that are in an atom and the way
the particles interact determine the properties of the atom.

@7} P Parts of an Atom

Electrons are negatively charged particles

found in electron clouds outside the nucleus.

The size of the electron clouds determines

the size of the atom.
Protons are positively
charged particles in the
nucleus of an atom.

Neutrons are
particles in the
nucleus of an
atom that have
no charge.

The diameter of the nucleus
is 1/100,000 the diameter
of the atom.

Introduction to Atoms



The Nucleus

In stars, such as those shown in Figure 2, atomic nuclei
may collide and join. Thus, a new larger nucleus of a different
element forms. But no matter what element you study, only
two kinds of particles can make up a nucleus.

Protons are positively charged particles of the nucleus. The
mass of a proton is about 1.7 X 107** g. This number can also
be written as 0.0000000000000000000000017 g. Because the
masses of particles in atoms are so small, scientists made a new
unit for these particles. The SI unit that describes the mass of a
particle in an atom is the atomic mass unit (amu). Each proton
has a mass of about 1 amu. Neutrons are the particles of the
nucleus that have no electric charge. Neutrons are a little more
massive than protons. But the difference in mass is so small
that the mass of a neutron can be thought of as 1 amu.

Protons and neutrons are the most massive particles in an
atom. The volume of the nucleus is very small. So, the nucleus
is very dense. If it were possible to have a nucleus that has
the volume of a grape, that nucleus would have a mass greater
than 9 million metric tons!

SNl 9ITd9 Name the two kinds of particles that make up
the nucleus of an atom. 8.3.a

Outside the Nucleus

Electrons are the negatively charged particles in atoms.
Electrons are found outside the nucleus in electron clouds.
Compared with protons and neutrons, electrons have a very
small mass. It takes more than 1,800 electrons to equal the
mass of 1 proton. The mass of an electron is so small that the
mass is usually thought of as almost zero.

The charges of protons and electrons are opposite but equal,
so the charges cancel out. Because an atom has no overall
charge, an atom is neutral. If the numbers of electrons and
protons become unequal, the atom becomes a charged particle
called an ion (IE ahn). An atom that loses one or more electrons
becomes a positively-charged ion. An atom that gains one or
more electrons becomes a negatively-charged ion.

Figure 2 Stars are the
birthplace of many atoms.

proton (PROH TAHN) a subatomic
particle that has a positive charge
and that is located in the nucleus of
an atom; the number of protons in
the nucleus is the atomic number,
which determines the identity of an
element

atomic mass unit (uh TAHM ik MAS
YOON it) a unit of mass that
describes the mass of an atom or
molecule

neutron (NOO TRAHN) a subatomic
particle that has no charge and that
is located in the nucleus of an atom
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\NTERNET ReTiViT)y

Atomic Scientist
Biography

What did some of the most
famous atomic scientists do?
Write a biography about a
scientist who studied atoms.
Go to go.hrw.com, and type
in the keyword HY7ATSW.

Atoms and Elements

There are more than 110 different elements. The atoms
of each of these elements are different from the atoms of all
other elements. What makes atoms different from each other?
To find out, imagine that you could build an atom by putting
together protons, neutrons, and electrons.

The Simplest Atom

To understand atoms, you should start with the simplest
atom. Protons and electrons are found in all atoms. The sim-
plest atom is made of just one of each. The atom is so simple
that it doesn’t even have a neutron. To “build” this atom, put
just one proton in the center of the atom for the nucleus.
To have a neutral charge, your atom will also need the same
number of electrons as protons. So, you put one electron in
the electron cloud outside the nucleus. Congratulations! You
have just made a hydrogen atom.

The Role of Neutrons

Now, build an atom that has two protons. Both of the
protons are positively charged, so they repel one another. You
cannot form a nucleus with them unless you add some neutrons.
For this atom, two neutrons will do. Then, add two electrons
outside the nucleus. You have just made an atom of the element
helium. A model of this atom is shown in Figure 3.

Building Bigger Atoms

You could build a carbon atom using 6 protons, 6 neu-
trons, and 6 electrons. You could build a fluorine atom using
9 protons, 10 neutrons, and 9 electrons. You could even build
a gold atom using 79 protons, 118 neutrons, and 79 electrons!
As you can see, an atom does not have to have equal numbers
of protons and neutrons.

Proton
Electron
Figure 3 A helium nucleus
must have neutrons in it
to keep the protons from
moving apart.
4

Neutron
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Protons and Atomic Number

How can you tell which elements these atoms represent?
The key is the number of protons. The number of protons in
the nucleus of an atom is the atomic number of that atom.
All atoms of an element have the same atomic number. The
element hydrogen has an atomic number of 1, which means
that every hydrogen atom has only one proton in its nucleus.
The element carbon has an atomic number of 6. So, every car-
bon atom has six protons in its nucleus. Similarly, if an atom
has 8 protons, you know that it is an oxygen atom, because
the element oxygen has an atomic number of 8. The atomic
number of each element is listed on the periodic table.

Isotopes

Models of two kinds of hydrogen atoms are shown in
Figure 4. They are both hydrogen atoms because they each
have one proton. But one of the atoms also has a neutron in
its nucleus.

The two hydrogen atoms are isotopes of each other. Isotopes
are atoms that have the same number of protons but have
different numbers of neutrons. Atoms that are isotopes of each
other are always the same element, because isotopes of the
same element always have the same number of protons. They
have different numbers of neutrons, however, which gives them
different masses. Isotopes of the same element are similar to
one another in many ways. However, some elements have
isotopes whose properties differ in important ways.

MOl N9 9 How do isotopes of the same element differ from
one another? s.1.b

Figure 4 BELIGT O L]
 Figure 4 JECLLS ydrog

Proton

Electron Neutron

Electron
i _

Proton

This isotope is a hydrogen
atom that has one proton in
its nucleus.

This isotope is a hydrogen atom
that has one proton and one
neutron in its nucleus.

atomic number (uh TAHM ik

NUHM buhr) the number of protons
in the nucleus of an atom; the atomic
number is the same for all atoms of
an element

isotope (IE suh ToHP) an atom that
has the same number of protons
(or the same atomic number) as
other atoms of the same element
do but that has a different number
of neutrons (and thus a different
atomic mass)
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ScHooL to Hope,

Atomic Diagrams

Explain what you have
learned about isotopes to

an adult. Together, draw
diagrams of hydrogen-2,
helium-3, and carbon-14 in
your Science Journal. Show the
correct number and location
of each type of particle. For
the electrons, simply write
the total number of electrons
in the electron cloud. Use
colored pencils or markers
to represent the protons,
neutrons, and electrons.

AeTiVilyy

mass number (MAS NUHM buhr)
the sum of the numbers of protons
and neutrons in the nucleus of

an atom

atomic mass (uh TAHM ik MAS) the
mass of an atom expressed in atomic
mass units

Figure 5 Because each of
these boron isotopes has a
different number of neutrons,
each isotope has a different
mass number. How can you
tell that these two atoms are
of the same element?

Properties of Isotopes

Each element has a limited number of isotopes that are
found in nature. Some isotopes of an element have special
properties because they are unstable. An unstable atom is an
atom with a nucleus that will change over time. This type
of isotope is radioactive. Radioactive atoms spontaneously fall
apart after a certain amount of time. As they fall apart, they
give off smaller particles and energy.

However, isotopes of an element share most of the same
chemical and physical properties. For example, the most
common oxygen isotope has 8 neutrons in its nucleus. Other
isotopes of oxygen have 9 or 10 neutrons. All three kinds of
oxygen are colorless, odorless gases at room temperature. Each
one has the chemical property of combining with a substance
as it burns. Different isotopes of an element even behave simi-
larly in chemical changes in your body.

ML Ne 9 In what cases are differences between isotopes
important? (8.7

The Difference Between Isotopes

You can identify each isotope of an element by its mass
number. The mass number is the sum of the protons and
neutrons in an atom. Electrons are not included in an atom’s
mass number because their mass is so small that they have
little effect on the atom’s total mass. Look at the two boron
isotope models shown in Figure 5. The isotope on the left has
5 protons and 5 neutrons. This isotope has a mass number of
10. The isotope on the right has a mass number of 11 because
it has one more neutron than the one on the left.

o
® - ., @
o a "
-
Protons: 5 Protons: 5
Neutrons: 5 Neutrons: 6
Electrons: 5 Electrons: 5
Mass number = Mass number =
protons + neutrons = 10 protons + neutrons = 11
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Naming Isotopes

To identify a specific isotope of an element, write the name
of the element followed by a hyphen and the mass number
of the isotope. A hydrogen atom that has one proton and
no neutrons has a mass number of 1. It is called hydrogen-1.
Hydrogen-2 has one proton and one neutron. The carbon

) \ \
isotope that has a mass number of 12 is called carbon-12. If MATMPRACI!:C;EJ

you know that the atomic number for carbon is 6, you can

calculate the number of neutrons in carbon-12 by subtracting Mass Number Calculations
the atomic number from the mass number. For carbon-12, the Use the definition of mass
number of neutrons is 12 — 6, which is equal to 6. number to answer the
following questions:
12 Mass number 1. Uranium’s atomic num-

ber is 92. Determine the

number of neutrons and

protons in uranium-235.
2. Identify the isotope of

Isotopes and Atomic Mass nitrogen that has 7
protons and 8 neutrons.

— 6 Number of protons (atomic number)
6 Number of neutrons

Most elements contain a mixture of two or more isotopes.
For example, copper is composed of atoms of copper-63 and
of copper-65. The atomic mass of an element is the weighted
average of the masses of all the naturally occurring isotopes of
that element. A weighted average accounts for the percentages
of each isotope that are present. Copper is 69% copper-63 and
31% copper-65. The atomic mass of copper is 63.6 amu.

Quick Lab

Atomic Bead Models

83.a
Models are useful tools for understanding things 8.7b
that are too small to see. These models will
help you understand the structure of an atom. ’ ’

P Try It!
1. Gather at least 12 beads in each of three

different colors and a paper plate. -

2. Let each color of bead represent one of the
following subatomic particles: protons, neu-

trons, and electrons. Record your decisions. =
Y P> Think About It!
3. Use the beads to create a model of an atom
of carbon-14 (carbon’s atomic number is 6). 5. How do the models of boron and carbon
4. Repeat step 3 for the following atoms: differ from one another? How do the two
and sodium-21 (atomic number = 11). 6. What are some limitations of these models?

@ 15 min
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Forces in Atoms

You have seen that atoms are made of smaller particles. But
what holds atoms together? What are the forces (the pushes or
pulls between objects) acting between these particles? There are
four basic forces that are at work everywhere in nature, even
within the atom. These forces are gravitational force, electro-
magnetic force, strong force, and weak force. Each particle is
acted on in a certain way by these basic forces. These forces
work together to give an atom its structure and properties.
Look at Figure 7 to learn about each force.

TN W) Forces in the Atom

Gravitational Force Probably the most familiar of the four

forces is gravitational force. Gravitational force acts between

all objects all of the time. The amount of gravitational force

between objects depends on their masses and on the dis- —
tance between them. Gravitational force pulls objects, such as

the sun, Earth, cars, and books, toward one another. However,

because the masses of particles in atoms are so small, the
gravitational force within atoms is very small.

Electromagnetic Force As men- Particles with y
tioned earlier, objects that have

the same charges
the same charge repel each other, | each oth
while objects that have opposite repel each other.
charges attract each other. This
is due to the electromagnetic
force. Protons and electrons are
attracted to each other because
they have opposite charges. The
electromagnetic force holds the

Particles with
electrons around the nucleus.

opposite charges
attract each other.

Strong Force Protons push away from one another because
of the electromagnetic force. A nucleus containing two or
more protons would fly apart if the strong force did not hold
them together. At the close distances between protons and
neutrons in the nucleus, the strong force is greater than the
electromagnetic force, so the nucleus stays together.

/

N\

Weak Force The weak force is an important force in radio-
active atoms. In certain unstable atoms, a neutron can change
into a proton and an electron. The weak force plays a key
role in this change.
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SECTION
Review

Summary;

® Atoms consist of a nucleus, which has protons
and usually neutrons, and electrons, which are
located in electron clouds around the nucleus.

ls 8.3.3, 8.7b

® The number of protons in the nucleus of an
atom is that atom’s atomic number. All atoms
of an element have the same atomic number.

e Different isotopes of an element have different
numbers of neutrons in their nuclei. Isotopes of
an element share most chemical and physical
properties.

® The mass number of an atom is the sum of the
atom'’s neutrons and protons.

® Atomic mass is a weighted average of the
masses of all natural isotopes of an element.

® The forces at work in an atom are gravitational
force, electromagnetic force, strong force, and
weak force.

Using Vocabulary

© Use the following terms in the same sentence:
proton, neutron, and isotope.

Complete each of the following sentences by
choosing the correct term from the word bank.
atomic mass unit  atomic number
mass number atomic mass

© An atom’s ___is equal to the number of
protons in the atom’s nucleus.

© The ___ of an element is equal to the weighted
average of the masses of all the naturally
occurring isotopes of that element.

Understanding Concepts

© Describing  Name and describe the four forces
that are at work within the nucleus of an atom.

© Summarizing Explain what an atom is
composed of. Be sure to list specific properties
of each of the particles in an atom.

© Analyzing Many elements have two or more
isotopes. How do scientists tell the difference
between two isotopes of the same element?

Critical Thinking

© Applying Concepts Could a nucleus that has
more than one proton but no neutrons exist?
Explain.

INTERPRETING GRAPHICS Use the atomic
diagrams below to answer the next two questions.
Assume all of the particles in the nuclei of the
atoms that are represented are visible.

Proton Proton

Neutron Electron Neutron Electron
l a
o
&
&

L

© Making Comparisons Without looking at the
nuclei of the atoms represented above, can you
determine whether the atoms are of the same
element? Explain.

© Predicting Consequences What would
happen if one electron were removed from
each of the atoms?

Challenge

@ Analyzing Relationships When the elements
on the periodic table are arranged by increas-
ing atomic number, the atomic mass generally
increases as the atomic number increases. For
some elements, however, the atomic mass of
the element is lower than the atomic mass for
the element that came before it. Explain how
this could be possible.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Inside the Atom; Atomic Research
in California N
SciLinks code: HY70799; HY7C15




Build models of nuclei of
certain isotopes.

Use the periodic table to
determine the composition of
atomic nuclei.

L MATERIALS
« periodic table

e plastic-foam balls, blue,
2-3 cm in diameter (6)

o plastic-foam balls, white,
2-3 cm in diameter (4)

« toothpicks (20)

SAFETY

=

Data Collection Table

Building Atomic Nuclei

Imagine that you are an employee at the Elements-4-U
Company, which builds custom-made elements. Your job is to
construct the atomic nucleus for each element that is ordered
by your clients. You were hired for the position because of
your knowledge about what a nucleus is made of and your
understanding of how isotopes of an element differ from each
other. Now, it's time to put that knowledge to work!

Procedure

o Copy the table below onto another sheet of paper. Be sure to
leave room to expand the table to include more elements.

O Your first assignment is the nucleus of hydrogen-1. Pick up one
proton (a white plastic-foam ball). Congratulations! You have
built a hydrogen-1 nucleus, the simplest nucleus.

© Count the number of protons and neutrons in the nucleus,
and fill in rows 1 and 2 for this element in the table.

© Use the information in rows 1 and 2 to determine the atomic
number and mass number of the element. Record this infor-
mation in the table.

Hydrogen-1 Hydrogen-2 = Helium-3 | Helium-4 Beryllium-9 Beryllium-10

Number of
protons

Number of
neutrons

Atomic
number

Mass
number

8.3.a Students know the structure of the atom and know
it is composed of protons, neutrons, and electrons.

8.7.b Students know each element has a specific number
of protons in the nucleus (the atomic number) and each
isotope of the element has a different but specific number
of neutrons in the nucleus.
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o Draw a picture of your model.

o Hydrogen-2 is an isotope of hydrogen that has
one proton and one neutron. Using a strong-
force connector, add a neutron to your
hydrogen-1 nucleus. (Remember that in a
nucleus, the protons and neutrons are held
together by the strong force, which is
represented in this activity by the toothpicks.)
Repeat steps 3-5.

@ Helium-3 is an isotope of helium that has two
protons and one neutron. Add one proton to
your hydrogen-2 nucleus to create a helium-3
nucleus. Each particle should be connected
to the other two particles so that they make
a triangle, not a line. Protons and neutrons
always form the smallest arrangement possible
because the strong force pulls them together.
Then, repeat steps 3-5.

o For the next part of the lab, you will need to
use information from the periodic table of
the elements. Look at the illustration below. It
shows the periodic table entry for carbon. You
can find the atomic number of any element at
the top of its entry on the periodic table. For
example, the atomic number of carbon is 6.

6
Atomic _—— C
number

Carbon

© Use the information in the periodic table to
build models of the following isotopes of
elements: helium-4, beryllium-9, and
beryllium-10. Remember to put the protons
and neutrons as close together as possible—
each particle should attach to at least two
others. Repeat steps 3-5 for each isotope.

Analyze the Results

(D Examining Data What is the relationship
between the number of protons and the
atomic number?

(@ Analyzing Data If you know the atomic
number and the mass number of an isotope,
how could you figure out the number of
neutrons in its nucleus?

Draw Conclusions

@ Applying Conclusions Find uranium on
the periodic table. What is the atomic number
of uranium? How many neutrons does the
isotope uranium-235 have?

(@ Evaluating Models Compare your model
with the models of your classmates. How are
the models similar? How are they different?

Big Idea Question

@ Applying Concepts How do the properties
of the isotopes that you constructed differ from
one another, and what do those differences
depend on?
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Science Skills Activity

Data

Analysis Sxaphs

Scientific
Methods

Testing a Hypothesis
P> Tutorial

Calculation

Investigation and

& Experimentation
8.9.a Plan and conduct a scientific
investigation to test a hypothesis.

Scientific progress is made by asking meaningful
questions and conducting careful investigations.
The first step in this process is asking a question.
Asking a question leads directly to the next step,
which is proposing an answer, or a hypothesis,
that you can test. Then, you are ready to plan and
conduct a scientific investigation.

@ Ask a question that you would like to answer
through scientific investigation.

© Propose a hypothesis, or an answer to your
question, that you will be able to test.

© Plan an experiment that will test your hypoth-
esis. Include the materials that you will need,
the procedure that you will use, and the safety
precautions that you should follow. When
planning an experiment, it is important to
think about factors such as controls and repro-
ducibility. This will allow you to get valid
results.

© If your teacher approves your plan, conduct
your experiment. Analyze your data and com-
municate your findings in writing.

P> You Try It!

Question: what brand of paper towel
absorbs the most water?

Question: wWhat brand of peper towel
absorbs the most water?
Hypothesis: “Sop-Lt-Up” brand

Materials:

Procedure, with controls and number
of trials:

Safety:

Date:
Conclusion:

Procedure

Plan and conduct a scientific investigation, as
directed in the Tutorial.

Analysis

@ Evaluating Hypotheses What was the
hypothesis that you planned to test? Give two
other possible hypotheses that you could have
tested to answer your question.
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@ Organizing Data Conduct your experiment,
and organize your data in either a table or
a graph.

© Evaluating Data Give reasons, based on your
procedure and analysis, that support the accu-
racy of the data you collected.

© Evaluating Conclusions How do your data
support your conclusion? What are some other
experiments that you could do to verify your
conclusion?



Chapter;Summary;

- Atoms are composed of small particles
The Blg Idea that determine the properties of the atom.

) Development of the
Atomic Theory

Key Concept Scientists have done
experiments that have revealed
important clues about the structure
of atoms.

® There have been different models of the
atom over time.

® The atomic theory has changed as scientists
have experimented and discovered new
information about the atom.

&) The Atom

Key Concept An atom is made of
protons, neutrons, and electrons. Its
properties are determined by these
particles.

® Protons, neutrons, and electrons make
up atoms.

@ All atoms of a given element have the
same number of protons in the nucleus.

® [sotopes of an element differ by the
number of neutrons in the nucleus.

® Atomic mass is an average of the
masses of all of the naturally occurring
isotopes of an element.

® Four forces are at work in atoms.

Ernest Rutherford’s experiment

with gold foil, which the diagram
below represents, was one of many
experiments that shaped the modern
atomic theory.

In the model above, electrons are
outside of the nucleus, which is
composed of protons and neutrons.

go.hrw.com

SUPER SUMMARY
KEYWORD: HY7ATSS

CVocabulary _

atom p. 164

electron p. 166
nucleus p. 168
electron cloud p. 169

proton p. 173

atomic mass unit
p. 173

neutron p. 173
atomic number p. 175
isotope p. 175

mass number p. 176
atomic mass p. 177
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Booklet Review the FoldNote
that you created at the beginning
of the chapter. Add to or correct
the FoldNote based on what you
have learned.

Using Vocabulary

© Academic Vocabulary In the sentence,
“Each element of matter has distinct properties
and a distinct atomic structure,” what does the
word structure mean?

Correct each statement by replacing the
underlined term.

© Electrons have a positive charge.

© All atoms of the same element contain the
same number of neutrons.

O Protons have no electric charge.

© The atomic number of an element is the num-
ber of protons and neutrons in the nucleus.

© The mass number is a weighted average of
the masses of all of the naturally occurring
isotopes of an element.

Understanding Concepts

Multiple Choice

© The discovery of which particle proved that the
atom is not indivisible?
a. proton
b. neutron
¢. electron
d. nucleus

© How many protons are in the nucleus of an
atom that has an atomic number of 23 and a
mass number of 51?
a. 23
b. 28
c. 51
d. 74
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© Which of the following determines the identity
of an element?
a. atomic number
b. mass number
¢. atomic mass
d. overall charge

@ Isotopes exist because atoms of the same
element can have different numbers of
a. protons.
b. neutrons.
c. electrons.
d. None of the above

Short Answer

@ Describing In his experiment, what dis-
covery was Rutherford trying to test and
learn more about?

@ Identifying What keeps an electron in
motion around the nucleus to which it is
attracted?

INTERPRETING GRAPHICS Use the diagram
below to answer the next three questions.

A. B.
. . Key
. @ Proton
@ Neutron
. * Electron
C.

@® Identifying What is the atomic number for
the atom represented in diagram A?

@ Identifying What is the mass number for the
atom represented in diagram B?

@ Classifying Which diagrams represent
isotopes of the same element?



@ Writing from Research Choose a scientist
who made important contributions to atomic
theory, and write a research paper on him or
her. Discuss what influenced his or her ideas,
and elaborate on the historical significance of
his or her research.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: atom, nucleus,
protons, neutrons, electrons,
isotopes, atomic number, and O O
mass number.

@ Analyzing Ideas John Dalton made a num-
ber of statements about atoms that are now
known to be incorrect. Why do you think his
atomic theory is still mentioned in science
textbooks?

@ Applying Concepts If scientists had tried to
repeat Thomson’s experiment and found that
they could not, would Thomson'’s conclusion
have been valid? Explain your answer.

INTERPRETING GRAPHICS Use the diagram
below to answer the next two questions.

@ Analyzing Methods A diagram of an
important atomic experiment is shown
above. What do the dotted lines represent,
and how do they relate to the conclusion of
the experiment?

€@ Analyzing Processes How did the experi-
ment represented above demonstrate that
atoms are mostly empty space?

@ Evaluating Assumptions What assumptions
did Thomson make when, based on his
experimental results, he proposed the plum-
pudding model? Based on the information
he had available at the time, were his
assumptions valid?

@ Analyzing Processes Particle accelerators
are devices that speed up charged particles to
smash the particles together. Scientists use
these devices to make atoms. How can scien-
tists determine whether the atoms formed are
new elements or new isotopes of known
elements?

@ Predicting Consequences What would hap-
pen to a stable nucleus in which the number
of neutrons suddenly decreased?

@ Applying Concepts Imagine that you have a
sample of an unknown element and that you
know only the element’s mass number. With-
out directly measuring the number of protons
in the nucleus of that element, what other
information would you need to know to iden-
tify the element?

@ Making Calculations Calculate the number
of neutrons in an atom of an element that has

a mass number of 98 and an atomic number
of 42.

@ Making Calculations Calculate the number
of protons, neutrons, and electrons in an atom
of zirconium-90 that has no overall charge and
an atomic number of 40.

Challenge

@ Expressing Opinions Ernest Rutherford's
experimental results greatly surprised him.
What had Rutherford been expecting to find?
Imagine that you lived in Rutherford’s day and
had the same information about the atom that
he did. Do you think that you would have
been surprised at his findings? Explain.

Chapter Review
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words is the
closest in meaning to the word distinct?

A separate
B similar
C approximate

D varying

o In the sentence “The structure of a
substance is determined by its atoms,”
what does the word structure mean?

A destruction
B resistance

C composition
D

elements

o Which of the following words best
completes the following sentence: “An
element has a number of protons
in its nucleus™

A large
B specific
C differing

D negative

o Which of the following words is closest in
meaning to the word investigation?

A plan
B inquiry
C gathering

D development
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Assessme

nt:

REVIEWING CONCEPTS

7., 7.7., .7b, 8.2, 8.3,
) 3.2 8.7, 8.9

All matter is made up of atoms. Which
sentence correctly describes atoms?

A All substances are made of the same
atoms.

B Atoms are the smallest particle
of a nucleus.

C An atom is the smallest particle of an
element.

D An atom is a substance that has been
cut in half.

e The particles inside an atom that are
negatively charged are called

A protons.
B neutrons.
C nuclei.
D

electrons.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

o In Rutherford’s “Shooting Gallery”
experiment, represented in the diagram
above, what were the results?

A Some particles were deflected, some
passed through, and some bounced
back, suggesting the existence of a
nucleus.

B Only one of the particles passed
through the foil, suggesting that atoms
were denser than previously thought.

C Almost all of the particles hit the foil
and bounced back, proving Thomson'’s
hypothesis of atomic structure.

D Many particles were deflected,
proving that electrons do not travel
in predictable paths.



o What principle of electromagnetic force is
shown in the above diagram of an atom?

A Particles with the same charges have no
effect on each other.

B Particles with opposite charges attract
each other.

C Electromagnetic force repels objects
from around the nucleus.

D Protons and neutrons repel each other
because they have the same charge.

o How can you determine the atomic
number of an atom?

A Dby counting its protons and neutrons

B by determining the atomic mass unit of
the atom

C by counting the number of protons

D by determining the number of electrons
in its outermost energy level

@ When two atoms have the same number
of protons but different numbers of
neutrons, they are called

A isotopes.
B nuclei.
C ions.

D helium.

REVIEWING PRIOR LEARNING

m Careful investigations can answer
meaningful questions. Which of
the following is an example of an
investigation?

A reading about protons in a textbook

B testing the atomic theory with an
experiment

C writing an outline of a chapter

D drawing a diagram of an atom

@ Appropriate tools are needed to
determine data in an experiment.
Which tool would a scientist use to
observe atoms?

A an electron-cloud model
B a scientific calculator

C an electron microscope
D

a cathode-ray tube

@ Appropriate research materials need to
be used to collect evidence. Which source
would be best for finding information on
naming isotopes?

A a newspaper article about the discovery
of atoms

B a science Web site written by a seventh-
grade student

C a movie about a fictional scientist who
splits atoms

D a book about determining the mass
of atoms

@ Elements are
A the substances that make up all matter.

B ions that have been positively charged.

JUDWISSISSY Spaepuels

C the combination of particles in a
molecule.

D the nuclei in isotopic atoms.
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Science
in Action Weird Science

Mining on the Moon?

- - - - - Since the end of the Apollo moon missions
in 1972, no one has set foot on the surface
of the moon. But today, an isotope of helium
known as helium-3 is fueling new interest in

- returning to the moon. Some scientists specu-
late that helium-3 can be used as a safe and
\ nonpolluting fuel for a new kind of power

b plant. Helium-3 is very rare on Earth, but

a huge amount of the isotope exists on the

N surface of the moon. But how can helium-3
be brought to Earth? Some researchers imag-
ine a robotic lunar mining operation that
will harvest the helium-3 and transport it
to Earth.

Language Arts B&l’ll/ﬂ'y

Write a paragraph in your Science Journal in
which you rephrase the information above

Sciqntific _
Discoveries

Californium

Look at the bottom row of the periodic
table. There are some elements there that
are named after famous scientists such
as Mendeleev and Einstein. The state of
California also has an element named after
it. Californium was artificially created at the
University of California, Berkeley in 1950. It
is a radioactive element, and made in very
small amounts. In the picture above, less
than a millionth of a gram of californium is
encased in protective stainless steel.

in your own words. Be sure to include what
helium-3 is, where it can be found, and how
it could be used.

Math Bf—'li Vi Ty

o ==

Find the element californium (Cf) on the
periodic table. One isotope of californium is
californium-249. How many neutrons does
an atom of californium-249 contain? Write
your answer in your Science Journal.
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Careers
Melissa Franklin

Experimental Physicist In the course of a single day, you could find experimental
physicist Melissa Franklin running a huge drill or showing her lab to a 10-year-old child.
You could see her putting together a huge piece of
electronic equipment or even telling a joke. Then, you
could see her really get down to business—studying
the smallest particles of matter in the universe.

“I am trying to understand the forces that describe

how everything in the world moves—especially the
smallest things,” Franklin explains. Franklin and her
team helped discover a particle called the top quark.
(Quarks are the tiny particles that make up protons
and neutrons.) “You can understand the ideas with-
out having to be a math genius,”
Franklin says. “Anyone can have
ideas,” she says, “absolutely any-
one.” Franklin also has some advice
for young people interested in
physics. “Go and bug people at the
local university,” she says. “Just call
up a physics person and say, ‘Can
I come visit you for a couple of
hours?’ Kids do that with me, and
it’s really fun.”

Social Stud?es
AeTiViTy

Find out about an experimental
physicist who made an important
discovery. Write a one-page report
in your Science Journal about how
that discovery affected the ideas
of other scientists.

Internet Resources

© To learn more about © To learn more about @ Check out articles
careers in science, visit ~ these Science in Action related to this chapter

www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.
enter the SciLinks code ~ and type in the key- Just type in the key-
HY70225. word HY7ATSF. word HY7ATSC.

Science in Action 189




€7, Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a spider map. Instructions for creating other types of Graphic
Organizers are located in the Study Skills section of the Appendix.

How to Make a Spider Map

@ Draw a diagram like the one shown below.
In the circle, write the main topic.

© From the circle, draw legs to represent
the main ideas or characteristics of the
topic. Draw as many legs as you want to
draw. Write an idea or characteristic along
each leg.

© From each leg, draw horizontal lines. As you
read the chapter, write details about each
idea on the idea’s horizontal lines. To add
more details, make the legs longer and add
more horizontal lines.

Atomic
Number

below chemical symbol

Atomic Mass
Number

elements share similar chemical
and physical properties Group or

a column/

Family

You Try It!

When to Use a Spider Map

A spider map is an effective tool for classifying
the details of a specific topic in science. A spider
map divides a topic into ideas and details. As
you read about a topic, look for the main ideas
or characteristics of the topic. Within each idea,
look for details. Use a spider map to organize the
ideas and details of each topic.

above chemical symbol

number of protons

Parts of the
Periodic Table

represent elements

Cger:‘“éi‘;l element name is shown
4 below the element symbol

chemical and physical properties of
elements form repeating patterns

\1 row

Period

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own spider map as directed in the
Reading Strategy for Section g). Record your work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary m

8.3.f Students know how to use
the periodic table to identify elements in
simple compounds.

identify (ie DEN tuh rie) to point out or
pick out

%

You must know how to use the table that
arranges elements by atomic number

to find which elements are in simple
compounds.

8.7.a Students know how to identify
regions corresponding to metals,
nonmetals, and inert gases.

region (REE juhn) an area
correspond (kawr uh SPAHND) to match

You must know how to find parts of the
periodic table that have metals, nonmetals,
and nonreactive gases.

8.7.b Students know each element
has a specific number of protons in the
nucleus (the atomic number) and each
isotope of the element has a different but
specific number of neutrons in the nucleus.

specific (spuh SIF ik) unique; peculiar to
or characteristic of; exact

The number of protons in the nucleus of an
atom of an element differs from the number
of protons in the nucleus of an atom of a
different element. Isotopes are atoms of

an element that have different numbers of
neutrons in their nuclei.

8.7.c Students know substances can
be classified by their properties, including
their melting temperature, density,
hardness, and thermal and electrical
conductivity.

Different kinds of matter can be grouped

by their characteristics, including the
temperature at which they melt, the amount
of mass per unit volume, their hardness,
and their ability to transfer thermal energy
or electrical energy.
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The Periodic
Table

The

Big Elements are prganized
Id on the periodic table

ed according to their properties.

California Standards

Focus on Physical Sciences

8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Section 1)

8.7 The organization of the periodic table is based on the properties
of the elements and reflects the structure of atoms. (Sections 1 and 2)

Investigation and Experimentation
8.9 Scientific progress is made by asking meaningful questions and
conducting careful investigations. (Science Skills Activity)

Math
6.1.4 Number Sense

English-Language Arts
8.2.2 Reading
8.1.1 Writing

Three-Panel Flip Chart

Before you read this chapter, create

the FoldNote entitled “Three-Panel Flip
Chart” Label the flaps of the three-panel
i flip chart with “Metal,” “Nonmetal,” and
“Metalloid.” As you read the chapter, write
information about each topic

under the appropriate flap.

About the Photo

Gold and silicon are two elements that have
played a large role in California’s history. This
piece of gold ore is from the hills of northern Instructions for creating
California. Gold is a metal that is highly valued FoldNotes are located in
for its unique yellowish shine. In nature, gold ﬂ:'e St:;i; s:"tl:‘s s:dm: dix
can be found in its pure state. The quartz sur- kL
rounding the gold is composed of the elements

silicon and oxygen. Silicon, a metalloid, and

oxygen, a nonmetal, can be found along with

gold on the periodic table of the elements.

192 Chapter 7



,' 'fﬁ:&_ ur
r ’ .:.- |:.I " K

& ¥ 5

5

@ 20 min —
=~
Analysis 8.3.f

4. From the information you gathered, identify
a pattern that could explain the order of people
in the chart. Collect more information if needed.

5. Test your pattern by gathering information from
a person you did not talk to before. If the new
information does not support your pattern, collect
more information and identify another pattern.

EXpI‘bre Activity

A Tool To Predict Properties

In this activity, you will identify the pattern your
teacher used to make a new seating chart and will
make a prediction based on the pattern.

Procedure

1. Draw a seating chart for the new classroom
arrangement that your teacher gave to you. Write
the name of each of your classmates in the place

on the chart that corresponds to his or her seat. 6. If your teacher left a seat open for a student

who will be joining the class, what information

2. Write information about yourself, such as your

about the student % | Lo
i _ by using your I’:"'J’ 'n-riu
3. Gather the same information about the people pattern as a tool? i
near you, and write it in the spaces on the chart. 'H.,. Lini

name, date of birth, hair color, and height, in
the space that represents you on the chart.

could you predict

\_.“




What You Will Learn

® Elements on the periodic table are
arranged in order of increasing
atomic number.

® Elements on the periodic table
are classified as metals, nonmetals,
or metalloids.

® Elements in a horizontal row, or
period, are listed in order of
increasing atomic number.

® Elements in a vertical column, or
group, usually have similar chemical
properties.

® The periodic law states that the
properties of elements form a
pattern according to increasing
atomic number.

Why It Matters

If you understand the arrangement
of the elements on the periodic table,
you can use the table as a tool for
predicting the structure of atoms.

Vocabulary
* periodic * group
* period * periodic law

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Spider Map that
shows metals, nonmetals, and metal-
loids as classes of elements in the
periodic table.

Figure 1 By playing “chemical

solitaire” on long train rides,

Mendeleev organized the elements

according to their properties.
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Arranging the Elements

Key Concept Elements are arranged on the periodic
table according to their atomic number and their
chemical properties.

| Suppose that you are at a video store and all the videos are
mixed together. How can you quickly find a comedy or an action
movie? If the videos are not arranged in a pattern, you won’t
know where to look!

Scientists in the early 1860s had a similar problem. At that
time, scientists knew some of the properties of more than 60
elements. However, no one had organized the elements according
to these properties. Finding patterns among the elements would
help scientists understand the elements. And organizing the
elements according to their properties would help scientists
understand how elements interact with each other.

Discovering a Pattern

Dmitri Mendeleev (duh MEE tree MeN duh LAY uhf), who
was a Russian chemist, discovered a pattern to the elements in
1869. First, he wrote the names and properties of the elements
on cards. Then, he played “chemical solitaire” with the cards.
He arranged his cards, as shown in Figure 1, by different
properties, such as density, appearance, and melting point. After
much thought, he arranged the elements in order of increasing
atomic mass. When he did so, a pattern appeared.




Periodic Properties of the Elements

Mendeleev saw that when the elements were arranged
in order of increasing atomic mass, those that had similar
properties fell into a repeating pattern. That is, the pattern
was periodic. Periodic means “happening at regular intervals.”
The days of the week are periodic. They repeat in the same
order every seven days. Similarly, Mendeleev found that the
elements’ properties followed a pattern that repeated every
seven elements. His table became known as the periodic table
of the elements.

Predicting Properties of Missing Elements

Figure 2 shows part of Mendeleev’s first try at arranging
the elements. The question marks show gaps in the pattern.
Mendeleev predicted that elements yet to be found would
fill these gaps. He used the pattern he found to predict their
properties. Table 1 compares his predictions for one missing
element—germanium—with its actual properties. By 1886, all
of the gaps that he had noted had been filled. His predictions
were right.

@ T’YD Properties of Germanium

Mendeleev’s Actual
predictions (1869) properties
Atomic mass 70 72.6
Density* 5.5 g/cm® 5.3 g/cm®
Appearance dark gray metal gray metal
Melting point* high melting point 937°C

*at room temperature and pressure

Changing the Arrangement

A few elements’ properties did not fit the pattern in
Mendeleev’s table. Mendeleev thought that more-accurate
atomic masses would fix these flaws in his table. But new
measurements showed that the masses he had used were
correct. In 1914, Henry Moseley (MOHZ lee), a British scientist,
determined the number of protons—the atomic number—in
an atom. All elements fit the pattern in Mendeleev’s periodic
table when they were arranged by atomic number.

Look at the periodic table on the next two pages. The
elements are arranged horizontally in order of increasing atomic
number. Elements that have similar chemical properties are
grouped in vertical columns.

MLl (M@ 149 How are the elements arranged horizontally and
vertically on the periodic table? (838

Section 1

periodic (PR ee AHD ik) describes
something that occurs or repeats
at regular intervals

Wordwise The suffix -ic means
“pertaining to.”

Ni=Com59
H=1 Cus=§3a
Bew—a Mg =124 In=biss
B=1l Al=274 P08
0=12 Sim238 (Qm70
Ne=ld P=g1 As==T5
Qw18 S=32 SemT94
Feid Clm3is  Breso
Li=m7 Nami3 K=231 Rl =850

Cn=i0 Sre=B7p
F=ds Co=92
TEr=56 La=94
Wi=50 Di=05
Ma=18s The=1l8?

Figure 2 Mendeleev used
question marks to note
elements that he thought
would be found later.

8.3.f Students know how to use the periodic
table to identify elements in simple compounds.
8.7.a Students know how to identify regions
corresponding to metals, nonmetals, and inert gases.
8.7.b Students know each element has a
specific number of protons in the nucleus (the
atomic number) and each isotope of the element
has a different but specific number of neutrons
in the nucleus.

8.7.¢ Students know substances can be
dlassified by their properties, including their
melting temperature, density, hardness, and
thermal and electrical conductivity.
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Periodic

Table Of The color of the 6 ——— Atomic number

the Elements G C
physical state at

room temperature.
Carbon is a solid.

Chemical symbol

Each square on the table includes
an element’s name, chemical symbol,
atomic number, and atomic mass.

Carbon —— Element name

1220 —— Atomic mass

The background color indicates the

; type of element. Carbon is a nonmetal.
Period 1 H
Hydrogen
1.0 .
Background Chemical symbol
Group 1 Group 2 Metals Solid .
3 4 Metalloids Liquid [
Period 2 Li Be Nonmetals Gas B
Lithium Beryllium
6.9 9.0

11 12
Period 3 Na Mg

Sodium  Magnesium

23.0 24.3 Group3 Group4 Group5 Group6 Group7 Group8 Group 9
19 20 21 22 23 24 25 26 27
Period 4 K Ca Sc Ti A% Cr Mn Fe Co
Potassium  Calcium Scandium Titanium  Vanadium Chromium Manganese Iron Cobalt
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9
37 38 39 40 41 42 43 44 45
Period 5 Rb Sr Y Zr Nb Mo Tc Ru Rh
Rubidium  Strontium Yttrium Zirconium Niobium  Molybdenum Technetium Ruthenium  Rhodium
85.5 87.6 88.9 91.2 92.9 B519 (98) 101.1 102.9
55 56 57 72 73 74 75 76 77
Period 6 Cs Ba La Hf Ta A\ Re Os Ir
Cesium Barium  Lanthanum | Hafnium Tantalum  Tungsten Rhenium Osmium Iridium
132.9 137.3 138.9 178.5 180.9 183.8 186.2 190.2 192.2
87 88 89 104 105 106 107 108 109
Period 7 Fr Ra Ac Rf Db Sg Bh Hs Mt
Francium Radium Actinium | Rutherfordium  Dubnium  Seaborgium  Bohrium Hassium  Meitnerium
(223) (226) (227) (261) (262) (266) (264) (277) (268)
Values in parentheses are the mass numbers of those

A row of A column of radioactive elements’ most stable or most common isotopes.
elements is elements is called
called a period. = a group or family.
58 59 60 61 62
Lanthanides C_e Pr _ Nd_ Pm Sn.l
Cerium  Praseodymium Neodymium Promethium Samarium
140.1 140.9 144.2 (145) 150.4
These elements are placed 1?;1 Iala % 1\913 Igil
below the table to allow Actinides : 2 g P -
e iEbE S Thorium  Protactinium  Uranium  Neptunium Plutonium
the table to be narrower. 232.0 231.0 238.0 (237) (244)
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“‘) Topic: Periodic Table

Go to: go.hrw.com
Keyword: HNO PERIODIC
Visit the HRW Web site for
updates on the periodic table.

Group 18
2
He
Helium
Group 13 Group 14 Group 15 Group 16 Group 17 —
This zigzag line > 6 / 8 ° 10
reminds you where BB c Cb N,tN o o H F. l\ll\Te
oron arbon itrogen xygen uorine eon
the metals, nonmetals, 10.8 12.0 14.0 16.0 19.0 20.2
and metalloids are.
13 14 15 16 17 18
Al Si P S C1 Ar
Aluminum Silicon ~ Phosphorus Sulfur Chlorine Argon
Group 10 Group 11 Group 12 27.0 28.1 31.0 32.1 35.5 39.9
28 29 30 31 32 33 34 35 36
Ni Cu Zn Ga Ge As Se Br Kr
Nickel Copper Zinc Gallium  Germanium| Arsenic Selenium Bromine Krypton
58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
46 47 48 49 50 51 52 53 54
Pd Ag Cd In Sn Sb Te I Xe
Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
106.4 107.9 1124 114.8 118.7 121.8 127.6 126.9 131.3
78 79 80 81 82 83 84 85 86
Pt Au Hg Tl Pb Bi Po At Rn
Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
195.1 197.0 200.6 204.4 207.2 209.0 (209) (210) (222)

110 11 12 13 114 115
Ds Uuu Uub Uut Uuq Uup

Darmstadtium Unununium Ununbium  Ununtrium  Ununquadium Ununpentium
(281) (272) (285) (284) (289) (288)

The discovery of elements

113, 114, and 115 has been The names and three-letter symbols of elements are temporary. They

reported but not confirmed. are based on the atomic numbers of the elements. Official names and
symbols will be approved by an international committee of scientists.

63 64 65 66 67 68 69 70 71
Eu Gd Tb Dy Ho Er Tm Yb Lu
Europium Gadolinium  Terbium  Dysprosium Holmium Erbium Thulium Ytterbium  Lutetium
152.0 157.2 158.9 162.5 164.9 167.3 168.9 173.0 175.0
95 96 97 98 99 100 101 102 103

Am Cm Bk (6} § Es Fm Md No Lr
Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium Lawrencium
(243) (247) (247) (251) (252) (257) (258) (259) (262)
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Heat Conduction

1. Fill a plastic-foam cup
with hot water.

8.7.c

2. Stand a piece
of copper wire
and a graphite
lead from a
mechanical

pencil in the /

water. ; Y
3. After 1 min,

touch the top

of each object. Record
your observations.

4. Which material conducted
thermal energy better?
How can you tell?

198

Most metals are malleable, whic
means that they can be rolled or
pounded into
shape and will
not shatter.
Aluminum is
flattened into
sheets to make
cans and foil.

Chapter 7 The Periodic

The Periodic Table and

Classes of Elements

At first glance, you may think that studying the periodic
table is like trying to explore a thick jungle without a guide—
you can easily get lost! However, the table itself contains a lot
of information that will help you along the way.

Elements are classified according to their properties as met-
als, nonmetals, and metalloids. Regions of the periodic table
correspond to classes of elements. The number of electrons in
the outer energy level of an atom helps determine the category
in which an element belongs. The zigzag line on the periodic
table can help you recognize which elements are metals, which
are nonmetals, and which are metalloids.

Metals

Most elements are metals. Metals are found to the left of
the zigzag line on the periodic table. Atoms of most metals
have few electrons in their outer energy level. Most metals
are solid at room temperature. Mercury, however, is a liquid
at room temperature. Some more information on metallic
properties is shown in Figure 3.

MOl Ned9 Identify where metals are found on the periodic
table. (m/8.7.2

@ {IED Properties of Metals

Most metals are ductile, which

Metals tend to be shiny. means that they can be drawn

: You can see a reflection into thin wires. All metals are
in @ mirror because
reflects off the shiny sur- current. The wires in the
face of a thin layer of electrical devices in your
' silver behind the glass. home are made of copper.

light good conductors of electric

Most metals are good conductors
h of thermal energy. An
iron griddle can
conduct thermal
energy from a
stove top to
cook foods.

Table



Properties of Nonmetals and Metalloids

Boron, a metalloid,

is almost as hard

as diamond, but it

is also very brittle. At

high temperatures, it

B~ “ . is a good conductor of
s electric current.

Nonmetals are not
malleable or ductile.

Solid nonmetals, such as
carbon in the graphite of
pencil lead, are brittle and
will break or shatter when hit
with a hammer.

Nonmetals

Nonmetals are found to the right of the zigzag line on
the periodic table. Atoms of most nonmetals have an almost
complete set of electrons in their outer level. More than half of
the nonmetals are gases at room temperature. Many properties
of nonmetals are the opposite of the properties of metals.

Metalloids

Metalloids, also called semimetals, are the elements that
border the zigzag line on the periodic table. Atoms of metal-
loids have about half of a complete set of electrons in their

outer energy level. Metalloids have some properties of metals ‘-!“_9,%!,9) HOME

. . =
and some properties of nonmetals. Figure 4 compares some of

the properties of nonmetals and metalloids. Patterns of Symbols
. Divide a sheet of paper
Name two properties that metals have and that in your Science Journal into
nonmetals do not have. 8.1.c four columns. Look at the
elements whose atomic
Decoding the Periodic Table numbers are 1 o 20 on the
periodic table. With an adult,
The periodic table may seem to be in code. In a way, it is. find patterns that describe
But learning what the symbols and numbers mean can help the relationship between the

chemical symbols and names
of elements. In each column,
write all of the chemical sym-
bols and names that follow

you find your way around the table.

Chemical Symbols

Each square on the periodic table includes an element’s a single pattern. At the top
name, chemical symbol, atomic number, and atomic mass. A of each column, write a sen-
scientist who discovers an element can suggest a name for it. tence describing the pattern.

Some elements, such as curium, einsteinium, seaborgium, and A TiViT”
=l
mendelevium, are named after scientists. Others, such as cali-
fornium, are named after places. Some element names vary by
country. But the chemical symbols are the same worldwide.
For most elements, the chemical symbol has one or two
letters. The first letter is always capitalized. Any other letter
is always lowercase. When you see a chemical formula, you
can use the periodic table as a tool to quickly identify the
elements that make up the compound.
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period (PIR ee uhd) in chemistry,
a horizontal row of elements in the
periodic table

group (GROOP) a vertical column
of elements in the periodic table;
elements in a group share chemical
properties

periodic law (PR ee AHD ik LAW)
the law that states that the repeating
chemical and physical properties of
elements change periodically with the
atomic numbers of the elements

IAATiy BrACTice)
Percentages

Elements are classified as
metals, nonmetals, and
metalloids. Use the periodic
table to determine the
percentage of elements in
each of the three categories.
Record your work in your
Science Journal.

Periods

Each horizontal row of elements (from left to right) on the
periodic table is called a period. The physical and chemical
properties of elements in a row follow a repeating, or periodic,
pattern as you move across the period.

Groups

Each vertical column of elements (from top to bottom)
on the periodic table is called a group. Elements in the same
group often have similar chemical and physical properties. For
this reason, a group is also called a family.

Atomic Number

All of the elements follow the periodic law. The periodic law
states that the repeating chemical and physical properties of el-
ements change periodically with the elements’ atomic numbers.
The atomic number of an element is the number of protons in
the nucleus of an atom of that element. All atoms of a given
element have the same number of protons in the nucleus.
Atoms with different atomic numbers are atoms of different
elements. Look at Figure 5. The atomic number is above the
chemical symbol of each element on the periodic table.

Although each element has a specific number of protons,
the number of neutrons for an element can vary. Atoms that
have the same number of protons but different numbers of
neutrons are isotopes of each other. Each isotope of an element
has a specific number of neutrons in the nucleus.

NNl N9 9 What does an element’s atomic number equal?
(m)8.7b

{133 Finding the Atomic Number

14 92
Si U
Silicon Uranium
28.1 86 238.0
Rn
Atomic Number: 14 Atomic Number: 92
Number of protons: 14 Radon Number of protons: 92
(222)

Atomic Number: 86
Number of protons: 86
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SECTION
Review

Summary;

Mendeleev developed the first periodic table
by listing the elements in order of increasing
atomic mass. He used his table to predict that
elements with certain properties would be
discovered later.

ﬁ 8.3, 8.7,
&) 8.7b, 8.7.c

Properties of elements repeat in a regular,
or periodic, pattern.

Moseley rearranged the elements in order of
increasing atomic number.

Elements in the periodic table are classified
as metals, nonmetals, and metalloids.

Each element has a chemical symbol that

identifies elements that make up compounds.

® A horizontal row of elements is called a period.
Physical and chemical properties of elements
change across each period.

® A vertical column of elements is called a group
or family. Elements in a group usually have
similar properties.

® The periodic law states that the repeating

chemical and physical properties of elements

relate to and depend on elements’ atomic

numbers.

Using Vocabulary

© Write an original definition for periodic.

Understanding Concepts

© Comparing What is the difference between a
period and a group on the periodic table?

© \dentifying Identify the elements in the
compound Nacl.

(4 ) Describing What is atomic number, and what
relationship does it have to the periodic table?

© Classifying What class of elements makes up
the groups on the right side of the
periodic table?

© Describing  On the basis of what property
did Mendeleev position the elements on the
periodic table?

Critical Thinking

© Identifying Relationships An atom that has
117 protons in its nucleus has not yet been
made. Once this atom is made, to which period
and group will element 117 belong? Explain
your answer.

INTERPRETING GRAPHICS Use the image below
of part of a periodic table to answer the next three
questions.

]
1 H
10079
L& |
il 5 |
3 4
6.041 | 9.01218
1| 12
3| Na Mg
298977 | 24,308
ekttt I S e IESR :
| | 18| 20 [ 21 | 22 23

lalow | e | 8 | T4 v |

© Making Comparisons To which region of the
periodic table does this image correspond?

© Making Comparisons How does the infor-
mation shown compare with the information
shown in the periodic table in your book?

@ Applying Concepts Can you determine the
number of protons in an atom of sodium from
this image? Explain your reasoning.

Challenge

@ Applying Concepts Locate sodium, lithium,
and magnesium on the periodic table. Identify
the group and period for each. Are the prop-
erties of sodium more like the properties of
lithium or of magnesium? Explain your answer.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Periodic Table; Metals N A
SciLinks code: HY71125; HY70947 i




What You Will Learn

® Elements in a group often have
similar properties because their
atoms have the same number of
electrons in their outer energy level.

® Hydrogen is set off by itself in the
periodic table because its properties
do not match the properties of any
one group.

® Metals are in Groups 1-16.
Metalloids are in Groups 13-16.
Nonmetals are in Groups 14-18.
Noble gases are in Group 18.

Why It Matters

By knowing which group an element
is in, you can predict some of the
element’s properties.

Vocabulary

« alkali metal

« alkaline-earth metal
* halogen

* noble gas

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table
that compares various characteristics
of the groups of elements in the
periodic table.

1 Although the
H element hydro-
Hydrogen €N appears
above the alkali
metals on the periodic
table, it is not considered a
member of Group 1. It will
be described separately at
the end of this section.

202 Chapter 7

Grouping the Elements

Key Concept Elements within each group, or column,
on the periodic table have similar properties.

P You probably know a family with several members who look
a lot alike. The elements in a family or group in the periodic table
often—but not always—have similar properties. The properties
are similar because the atoms of the elements in a group have
the same number of electrons in their outer energy level. Atoms
will often take, give, or share electrons with other atoms in order
to have a complete set of electrons in their outer energy level.
Elements whose atoms undergo such processes are called reactive.
They can combine to form compounds.

Group 1: Alkali Metals

fi Group contains: metals
Lithium Electrons in the outer level: 1
» Reactivity: very reactive
Na Other shared properties: softness; color of silver;
Sodium shininess; low density
19
K Alkali metals are elements in Group 1 of the peri-

Potassium

odic table. Figure 1 shows some of the properties they
Iﬁ) share. Alkali metals are the most reactive metals. Their
ribidum  atoms can easily give away their one outer-level elec-

55 tron. Pure alkali metals are often stored in oil. The
Cs oil keeps them from reacting with water and oxygen
€M in the air. Alkali metals are so reactive that in nature
187;‘ they are found only combined with other elements.
fanium  Compounds formed from alkali metals have many
uses. Sodium chloride (table salt) flavors food.

TSR Properties of Alkali Metals

Alkali metals react with water
to form hydrogen gas.

Alkali metals are soft

enough to be cut
with a knife.

The Periodic Table



Group 2: Alkaline-Earth Metals

4
Be Group contains: metals
Beryllium Electrons in the outer level: 2
12 Reactivity: very reactive but less reactive than alkali metals
Mg Other shared properties: color of silver; density higher than
Magnesium density of alkali metals
20
Ca Alkaline-earth metals are less reactive than alkali metals
Gl are. Atoms of alkaline-earth metals have two outer-level
83;;‘ electrons. It is more difficult for atoms to give away two
swontium  €lectrons than to give away one when joining with other
56 atoms. Group 2 elements and their compounds have many

Ba uses. For example, magnesium can be mixed with other
Barium . . . .
metals to make low-density materials used in airplanes. And

lg; compounds of c'alcium are found in cement, chalk, and even Figure 2 Calcium, an
Radium you, as shown in Figure 2. alkaline-earth metal, is
an important part of a
compound that keeps
Groups 3-12: Transition Metals your bones and teeth
healthy.
21 22 23 24 25 26 27 28 29 30
Sc Ti V Cr Mn Fe Co Ni Cu Zn alkali metal (AL kuh vE
MET uhl) one of the
39 40 41 42 43 44 45 46 47 48

elements of Group 1 of

Y Zr Nb Mo Tc Ru Rh Pd Ag Cd the periodic table (lithium,

sodium, potassium, rubid-

57 72 73 74 75 76 77 78 79 80 ium, cesium, and francium)

La | Hf Ta W Re Os Ir Pt Au Hg
alkaline-earth metal
89 104 105 106 107 108 109 110 111 112 (AL kuh LEN UHRTH

Ac |Rf Db Sg Bh Hs Mt Ds Uuau Uub MET uhl) one of the

elements of Group 2 of the
periodic table (beryllium,

. magnesium, calcium, stron-
Group contains: metals tium, barium, and radium)

Electrons in the outer level: 1 or 2

Reactivity: less reactive than alkaline-earth metals

Other shared properties: shininess; good conductivity of thermal energy
and electric current; density and melting points higher than those of
elements in Groups 1 and 2 (except for mercury)

Elements of Groups 3-12 are all called transition metals. The
atoms of transition metals do not give away their electrons as
easily as atoms of the Group 1 and Group 2 metals do. So, transi- _
tion metals are less reactive than alkali metals and alkaline-earth

metals are. Students know how to dently
. .. 8.7.a Students know how to identify regions
The lanthanides and the actinides make up two rows of tran- corresponding to metals, nonmetals, and inert
sition metals that are placed at the bottom of the table to save gases.
. 8.7.c Students know substances can
space. However, you should still read them as you read the rest be classified by their properties, including thei
of the table, from left to right and then down. The elements in melting temperature, density, hardness, and

thermal and electrical conductivity.

each of these two rows tend to have similar properties.
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@TILXED Properties of Transition Metals

p
M&’“
\ R
Mercury is used in thermom- Many transition metals are Some transition metals, such as titanium
eters. Unlike the other transi-  silver colored. The gold that in the artificial hip at right, are not very
tion metals, mercury is liquid this ring is made out of is reactive. But others, such as iron, are
at room temperature. an exception. reactive. The iron in the steel trowel on

the left has reacted to form rust.

Properties of Transition Metals

The number of outer-level electrons in atoms of transition
metals can vary. So, the properties of the transition metals vary
widely, as shown in Figure 3. But because these elements are
metals, they share the properties of metals. Transition metals
tend to be shiny and to conduct thermal energy and electric
current well.

Ml (M@ 199 Why are transition metals not as reactive as alkali
metals and alkaline-earth metals? @8.1.:

Group 13: Boron Group

5

B Group contains: one metalloid and five metals
Boron Electrons in the outer level: 3
13 Reactivity: reactive
Al Other shared properties: solids at room temperature
Aluminum

31 The most common element from Group 13 is alu-

cg‘nﬁ}n minum. In fact, aluminum is the most abundant metal
in Earth’s crust. Until the 1880s, however, aluminum

14191 was considered a precious metal. Pure aluminum was
indium  very expensive to make. Today, making pure alumi-
81 num is easier and cheaper than it was in the 1800s.

T1 Aluminum is useful because it is such a lightweight

Thalli
T metal. It is now an important metal used in making
U]Et aircraft parts, lightweight automobile parts, foil, cans,

ununtium  and siding.

Like the other elements in the boron group, alu-
minum is reactive. However, when aluminum reacts
with oxygen in the air, a thin layer of aluminum
oxide quickly forms on aluminum’s surface. This layer
prevents further reaction of the aluminum.
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Group 14: Carbon Group

6

C Group contains: one nonmetal, two metalloids, and
Carbon three metals
14 Electrons in the outer level: 4 Figure 4 Diamond and soot
Si Reactivity: varies among the _elements have very different properties, yet
Silicon Other shared properties: solids at room temperature both are natural forms of carbon.
32 . . i
Ge The nonmetal carbon can be found uncombined Dlamond_ls the hard Wil
O natur hown in Fi 4. Carbon also form est material known. = {
in nature, as shown in Figure 4. Carbon also forms It is used as a jewel 2
50 a wide variety of compounds. Some of these com- and on cutting tools, . ‘,
ST#ll pounds, such as proteins, fats, and carbohydrates, are such as saws, drills, ""1‘:‘-
necessary for living things on Earth. and files.
82 . - . .
Pb The metalloids silicon and germanium are used in

Lead semiconductors, which are needed to make computer Soot is formed from burn-
ing oil, coal, and wood and

14 chips‘. The metal tin i.s useful because ijc is got very is used as a pigment in
Ull(_l reactive. A layer of tin helps prevent iron in steel paints and crayons.
Ui cans from rusting.

MLl fNe 99 What three types of elements are found
in Group 14 of the periodic table? (8.7

Group 15: Nitrogen Group

7

N Group contains: two nonmetals, two metalloids, and
Nitrogen two metals
Electrons in the outer level: 5
15 .. .
P Reactivity: varies among the elements
Phosphorus Other shared properties: solids at room temperature
33 (except nitrogen)
As
Arsenic Nitrogen, which is a gas at room temperature,
8511) makes up about 80% of the air that you breathe.

antimony ~ Nitrogen removed from air can be reacted with hydro-

83 gen to make ammonia for fertilizers.

Bi Although nitrogen is not very reactive, phosphorus
is extremely reactive, as shown in Figure 5. In fact,

U11115p in nature, phosphorus is found only combined with

Ununpentium

Bismuth

other elements.

Figure 5 Simply
striking a match on

the side of this box
causes chemicals on
the match to react with
phosphorus on the box
and begin to burn.

Q.
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Chlorine is a

yellowish
green gas.

Figure 6 This diver is
breathing a mixture that
contains oxygen gas.

lodine is a dark
gray solid.

Group 16: Oxygen Group

8

(0]

Oxygen
16

S

Sulfur

34
Se
Selenium

52
Te

Tellurium

84
Po

Polonium

9
F

Fluorine

17
Cl
Chlorine

B5
Br

Bromine

Bromine is
a dark red

liquid. =
iqui I

lodine

85
At

Astatine

Figure 7 The physical properties
of some halogens are shown
above. How does the state of
matter change as you move
from top to bottom
in Group 17?
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Group contains: three nonmetals, one metalloid, and
one metal

Electrons in the outer level: 6

Reactivity: reactive

Other shared properties: solids at room temperature
(except oxygen)

Oxygen makes up about 20% of air. Oxygen is
necessary for substances to burn. Oxygen is also impor-
tant to most living things, such as the diver shown
in Figure 6. It is even found dissolved in ocean water,
which is where fish get the oxygen they need.

Sulfur is another commonly found member of
Group 16. Sulfur can be found as a yellow solid in
nature. It is used to make sulfuric acid, the most
widely used compound in the chemical industry.

Group 17: Halogens

Group contains: nonmetals

Electrons in the outer level: 7

Reactivity: very reactive

Other shared properties: poor conductors of electric
current; violent reactions with alkali metals to form
salts; never in uncombined form in nature

Halogens are very reactive because their atoms
need to gain only one electron to have a complete
outer level. The atoms of halogens combine readily
with other atoms, especially metals, to gain that extra
electron. The reaction of a halogen with a metal
makes a salt, such as sodium chloride. Both chlorine
and iodine are used as disinfectants. Chlorine is used
to treat water. lodine mixed with alcohol is used in
hospitals.

Although the chemical properties of the halogens
are similar, the physical properties are quite different,
as shown in Figure 7.



Group 18: Noble Gases

2
He
Helium

10
Ne

Neon

18
Ar

Argon

36
Kr

Krypton

54
Xe

Xenon

86
Rn

Radon

Group contains: nonmetals

Electrons in the outer level: 8 (except helium, which
has 2)

Reactivity: unreactive

Other shared properties: colorless, odorless gases at
room temperature

Noble gases are unreactive nonmetals and are
in Group 18 of the periodic table. The atoms of these
elements have a full set of electrons in their outer level.
So, they do not need to lose or gain any electrons.
Under normal conditions, they do not react with other
elements. In fact, these elements were first called inert
gases because scientists thought that these elements
would not react at alll However, scientists have made
compounds from some elements in Group 18. So, the
name noble gases is more correct. Earth’s atmosphere
is almost 1% argon. But all the noble gases are found
in small amounts.

The wunreactivity of the noble gases makes
them useful. For example, ordinary light bulbs last
longer when they are filled with argon. Because argon
is unreactive, it does not react with the hot metal
filament in the light bulb. A more reactive gas might
react with the filament, causing the light to burn out.
The low density of helium makes blimps and weather
balloons float. Another popular use of noble gases is
shown in Figure 8.

Sl Ne[ld® Where are the noble gases located on
the periodic table? (m)8.7.2

halogen (HAL oh juhn) one of the
elements of Group 17 of the periodic
table (fluorine, chlorine, bromine,
iodine, and astatine); halogens
combine with most metals to

form salts

noble gas (NOH buhl GAS) one

of the elements of Group 18 of the
periodic table (helium, neon, argon,
krypton, xenon, and radon); noble
gases are unreactive

IRNET BTV

The Right Element for You

Which types of elements are
the most useful? Create an
advertisement that promotes
these types of elements. Go
to go.hrw.com, and type in
the keyword HY7PRTW.

Figure 8 In addition to
neon, other noble gases
can be used to make
“neon” lights.
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Hydrogen

Figure 9 Hydrogen reacts
violently with oxygen. The hot
water vapor that forms as a
result of this reaction helps guide
the space shuttle into orbit.

Quick Lab

Hydrogen

Electrons in the outer level: 1

Reactivity: reactive

Other properties: colorless, odorless gas at room tem-
perature; low density; explosive reactions with oxygen

Hydrogen is the most abundant element in the
universe. It is found in large amounts in stars. Atoms
of hydrogen can give away one electron when they
join with other atoms. Hydrogen reacts with many
elements, and is found in many compounds.
Hydrogen’s reactive nature makes it useful as a fuel
in rockets, as shown in Figure 9.

The Uniqueness of Hydrogen

Most atoms of hydrogen have just one proton
and one electron. The properties of hydrogen do
not match the properties of any single group, so
hydrogen is set apart in the table. Hydrogen is above
Group 1 because atoms of the alkali metals also have
only one electron in their outer level. However, the
physical properties of hydrogen are more like those of
nonmetals than those of metals. So, hydrogen really
is in a group of its own.

MLl Ne 199 Why is hydrogen classified apart from
the other elements in the periodic table? () 8.7.c

Locating Elements on the Table

In this activity, you will make and trade
“element cards” to better understand
the organization of the periodic table.

P Try It!

1. Choose four elements from the periodic
table.

2. For each element, create an “element card”
On an index card, write a set of directions
that will lead someone to your element. For
example, “Begin at nickel, and add 3
protons” could be written on a card as
“Ni + 3 protons.” Another direction could
be “2nd alkali metal from the bottom.”

3. Exchange cards with a classmate. Identify
the element described on each card.

;mm the bO'H‘nrq

P> Think About It!

4. How do the cards show the way in which
atomic number relates to the periodic table?

5. Can you use the information on the cards
to identify regions, periods, and groups of
elements on the periodic table? Explain.
@ 20 min
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Review

Summary;

® Elements that are classified as alkali metals
(Group 1) are the most reactive metals. Atoms
of the alkali metals have one electron in their
outer level.

ii 8.7.a, 8.7.c

® Elements that are classified as alkaline-earth
metals (Group 2) are less reactive than the
alkali metals are. Atoms of the alkaline-earth
metals have two electrons in their outer level.

® Elements that are classified as transition metals
(Groups 3-12) include most of the well-known
metals and the lanthanides and actinides.

® Groups 13-16 contain the metalloids and some
metals and nonmetals.

® Halogens (Group 17) are very reactive non-
metals. Atoms of the halogens have seven
electrons in their outer level.

® Noble gases (Group 18) are unreactive non-
metals. Atoms of the noble gases have a full
set of electrons in their outer level.

® Hydrogen is set off by itself in the periodic
table. Its properties do not match the properties
of any one group.

Using Vocabulary

Complete each of the following sentences by
choosing the correct term from the word bank.

noble gases alkaline-earth metals
halogens alkali metals

@ Elements in the leftmost column of the
periodic table are ___. Elements in the right-
most column of the periodic table are .

© Elements that are very reactive nonmetals
are

Understanding Concepts

© Listing List two properties of the alkali metals.

© Describing  Explain why the properties of the
elements in a group are usually similar.

INTERPRETING GRAPHICS Use the image below
from the periodic table to answer the next two
questions.

43
Tc

Technetium
(98)

© Cclassifying Could this element be classified as
a noble gas? Explain your answer.

O Analyzing What can you tell about the
properties of this element?

Critical Thinking

© Applying Concepts Why would you not be
able to make jewelry out of sodium?

© Identifying Relationships Identify the region
on the periodic table where nonmetals are
found. Does this region contain the noble
gases?

INTERPRETING GRAPHICS Use the model of the
atom below to answer the next question.

© Applying Concepts Does the model represent
a metal atom or a nonmetal atom? Explain
your answer.

Challenge

(@ Making Inferences In general, the noble gases
were discovered later than many of the other
elements. Suggest a reason for this fact.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: Alkali Metals; Halogens
and Noble Gases

SciLinks code: HY70043; HY70711
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Using Scientific Methods

Model-Making )

Classify objects based on their
properties.

Identify patterns and trends
in data.

MATERIALS J

« bag of objects

e balance, metric

o meterstick

e paper, graphing (2 sheets)

e paper, 3 x 3 cm squares (20)

SAFETY

@

8.3.f Students know how to use the periodic table
to identify elements in simple compounds.

Investigation and Experimentation

8.9.a Plan and conduct a scientific investigation
to test a hypothesis.

8.9.e Construct appropriate graphs from data
and develop quantitative statements about the
relationships between variables.

8.9.g Distinguish between linear and nonlinear
relationships on a graph of data.

Create a Periodic Table

You probably have classification systems for many things in
your life, such as your clothes, your books, and your CDs. One
of the most important classification systems in science is the
periodic table of the elements. In this lab, you will develop your
own classification system for a collection of ordinary objects.
You will also use your system as a tool to make predictions
about the properties of a missing object.

Ask a Question

o Your teacher will give you a bag of objects. Your bag is missing
one item. Examine the items carefully. Describe the missing
object in as many ways as you can. Be sure to include the rea-
sons why you think the missing object has the characteristics
you describe.

@ Can a classification system be developed to use as a tool
to make better predictions about the characteristics of a
missing object?

Form a Hypothesis

o Write a few sentences that answer the question in step 2.

Test the Hypothesis

© Lay the paper squares out on your desk or table so that you
have a grid of five rows of four squares each.

e Arrange your objects on the grid in a logical order. (You must
decide what order is logical!) You should end up with one
blank square for the missing object. Record a description of
the basis for your arrangement.

o Measure the mass (g) and diameter (mm) of each object, and
record your results in the appropriate square. Each square
(except the empty one) should have one object and two
written measurements on it.
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@ Examine your pattern again. Does the order
in which your objects are arranged still make
sense? Explain. Rearrange the squares and
their objects if necessary to improve your
arrangement. Record a description of the basis
for the new arrangement.

0 Working across the rows, number the squares
“1"” to “20." When you get to the end of a row,
continue numbering in the first square of the
next row.

o Copy your grid onto a sheet of paper. In each
square, be sure to list the type of object and
label all measurements with appropriate units.

Analyze the Results

(D Constructing Graphs Make a graph of mass
(y-axis) versus object number (x-axis). Label
each axis, and title the graph.

(@ Constructing Graphs Now, make a graph
of diameter (y-axis) versus object number
(x-axis). Label each axis, and title the graph.

Draw Conclusions

@ Analyzing Graphs Discuss each graph with
your classmates. Try to identify any important
features of the graph. For example, does the
graph form a line or a curve? Is there anything
unusual about the graph? What do these
features tell you? Record your answers.

(@ Making Predictions Look again at your
prediction about the missing object. Use your
classification system as a tool to improve your
predictions about the characteristics of the
missing object. Record your results.

(@ Evaluating Models How is your arrange-
ment of objects similar to the arrangement of
elements on the periodic table found in this
textbook? How is your arrangement different?

Big Idea Question

(@ Evaluating Methods How do your results
show the value of organizing items according
to their properties?



Science Skills Activity

Scientific
Methods

Data G h Calculation
Analysis ol

Investigation and
& Experimentation

= = 8.9.e Construct appropriate graphs from data
CO “ Stl'll Ctl Il g d I-l“ e G I"a ph and develop quantitative statements about the

relationships between variables.

P> Tutorial
@ rollow these steps to build © Follow these steps
your graph. - to plot your data. -
e Draw the axes for your graph ‘E 80 e Plot a series of -E 80 ®
on a sheet of graph paper. £ points by using = W
. o 60 @ 60 o
e Write the numbers of the 3 50 your d_ata_. Each 3 50
scale next to the tick marks = 40 point lndlca_tes an £ 4 °
of the axis. 230 (x, y) coordinate 230
e Label the x-axis in terms that § 213 on the graph. § 213 o
describe the types of data. § e On the graph, 5
Usually, the independent 'g' 0 50 100 150 200 draw a line §' 0 50 100 150 200
variable is placed on the x-axis. Independent thr_ough all of the Independent
e Write the numbers of the variable (units) points that you variable (units)

scale next to the tick marks have plotted.

of the axis.

e Title the x-axis. 2 g p
e Determine a scale for the y-axis that includes the 5n
range of your data. Write the numbers of the scale 2 50 )
next to the tick marks of the axis. = Zg /
o Title the y-axis. E 30
e Write the title of your graph g
on the top of the graph. £ 'g
§' 0 50 100 150 200
Independent
variable (units
P> You Try It! (units)
Procedure © Analyzing Relationships According to the
Electronegativity is a measure of the strength with periodic law, what would you expect to be the
which atoms in compounds attract electrons. Each relationship between atomic number and elec-
element has a certain electronegativity. The table tronegativity for Period 3 elements?
at right shows electronegativity values for the first
six elements of Period 2 of the periodic table. Electronegativity of Period 2 Elements
Analysis Element Atomic Number | Electronegativity
@ !dentifying Relationships Make a graph of Lithium 3 1.0
electronegativity versus atomic number for the :
elements shown in the table at right. Describe Beryllium 4 15
the relatlons_h!p between atomic number and Boron 5 20
electronegativity for those elements.
. Carbon 6 25
© Applying Concepts What would you expect
the electronegativity for the element with Nitrogen 7 3.0
atomic number 9, fluorine, to be? Explain.
Oxygen 8 3.5

212 Chapter 7 The Periodic Table



Chapter;Summary;

Elements are organized on the periodic
table according to their properties.

Csection W Vocabulary _

) Arranging the Elements

The Big Idea

Key Concept Elements are
arranged on the periodic table
according to their atomic number
and their chemical properties.

® Elements on the periodic table are
arranged in order of increasing
atomic number.

® Elements on the periodic table are
classified as metals, nonmetals, or
metalloids.

® Elements in a horizontal row, or period,
are listed in order of increasing atomic
number.

® Elements in a vertical column, or group,

usually have similar chemical properties.

® The periodic law states that the
properties of elements form a pattern
according to increasing atomic number.

Grouping the Elements

Key Concept Elements within
each group, or column, on

the periodic table have similar
properties.

@ Elements in a group often have similar
properties because their atoms have the
same number of electrons in their outer
energy level.

® Hydrogen is set off by itself in the
periodic table because its properties
do not match the properties of any
one group.

® Metals are in Groups 1-16. Metalloids
are in Groups 13-16. Nonmetals are
in Groups 14-18. Noble gases are in
Group 18.

Mendeleev first arranged elements based
on the property of atomic mass.

Solid iodine and liquid
bromine are in Group 17 of
the periodic table and are
reactive nonmetals.

go.hrw.com

SUPER SUMMARY

KEYWORD: HY7PRTS

periodic p. 195
period p. 200
group p. 200
periodic law p. 200

alkali metal p. 202

alkaline-earth
metal p. 203

halogen p. 206
noble gas p. 207
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Three-Panel Flip Chart Review
the FoldNote that you created at
the beginning of the chapter. Add
to or correct the FoldNote based
on what you have learned.

Using Vocabulary

© Academic Vocabulary Which of the follow-
ing words means “an area”?
a. region
b. type
C. structure
d. property

Complete each of the following sentences by
choosing the correct term from the word bank.

group period
alkali metals halogens
alkaline-earth metals noble gases

© Elements in the same vertical column on
the periodic table belong to the same __.

© Elements in the same horizontal row on
the periodic table belong to the same __.

© Elements that are unreactive are called __.

Understanding Concepts

Multiple Choice

© Mendeleev's periodic table was useful because it
a. had elements arranged by atomic number.
b. had no empty spaces.
¢. showed the atomic number of the elements.
d. allowed for the prediction of the properties
of missing elements.

© An element that is very reactive is most likely a
member of the
a. noble gases.
b. alkali metals.
¢. transition metals.
d. actinides.

214 Chapter 7 The Periodic Table

8.3.f, 8.7a,

© Which of the following items is NOT found on
the periodic table?
a. the atomic number of each element
b. the name of each element
¢. the date that each element was discovered
d. the atomic mass of each element

© Which of the following statements about

elements is true?

a. Every element occurs naturally.

b. All elements are found in their uncombined
form in nature.

¢. Each element has a unique atomic number.

d. All of the elements exist in approximately
equal quantities.

© Which of the following statements about
the periodic table is false?

a. There are more metals than nonmetals
on the periodic table.

b. Atoms of elements in the same group
have the same number of electrons in
their outer level.

¢. The elements at the far left of the periodic
table are nonmetals.

d. Elements are arranged by increasing
atomic number.

Short Answer

@ Comparing How was Moseley’s basis for
arranging the elements different from
Mendeleev's?

@ Describing What is the periodic law?
INTERPRETING GRAPHICS Use the images

below from the periodic table to answer the next
three questions.

19 36
K Kr
Potassium Krypton
39.1 83.8

@ Identifying What is the atomic number
of each of these elements?

@® Comparing An atom of which element has
the most protons in its nucleus?

@ Classifying To which region and which
group does each of these elements belong?



@ Communicating Concepts \Write an essay
that clearly explains how elements are orga-
nized on the periodic table. Your essay should
have a thesis statement and include examples
that support your ideas. Finally, make sure that
your essay has a conclusion sentence.

Critical Thinking

@ Concept Mapping Use the
following terms to create a
concept map: periodic table,
elements, groups, periods, O O

metals, nonmetals, and
metalloids.

@ Analyzing Methods Why was Mendeleev
unable to make any predictions about the
noble-gas elements?

@ Analyzing Relationships Suppose that a
certain unidentified element is a metal. Based
on that information alone, to which two
groups of the periodic table could it NOT
belong? To which period of the periodic table
could it NOT belong?

@ Making Inferences Could a new element
be discovered that would be placed in
between two consecutive known elements on
the periodic table? Explain.

@ Applying Concepts Identify each element
described below.

a. This metal is very reactive, has properties
similar to those of magnesium, and is in
the same period as bromine.

b. This nonmetal is in the same group as lead.

¢. This metal is the most reactive metal in its
period. It cannot be found uncombined in
nature. Each atom of the element contains
19 protons.

€@ Making Comparisons Identify something
from everyday life that is periodic, and explain
the way in which it is periodic. How is the way
in which it is periodic similar to the periodic
table, and how is it different?

INTERPRETING GRAPHICS Use the diagram
below to answer the next question.

O A H &

O A 7

@ Identifying Relationships Predict the
missing image, and draw it. Identify which

properties are periodic and which properties
are shared within a group.

INTERPRETING GRAPHICS Use the chart below
of the percentages of elements in Earth’s crust to
answer the next two questions.

1.6% Other
2.0% Mg
2.6% K

e —— 2.8% Na

‘ 3.6% Ca
T~5.0% Fe
8.1% Al

@ Analyzing Data Excluding the “Other”
category, what percentage of elements in
Earth’s crust can be classified as metals?

@ Analyzing Data Excluding the “Other”
category, what percentage of elements in
Earth’s crust are alkaline-earth metals?

Challenge

@ Analyzing Relationships Halogens tend
to form compounds with alkali metals. Using
what you have learned about the reactivities
of halogens and alkali metals, suggest a
reason for this fact.

46.6% O

|
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REVIEWING ACADEMIC VOCABULARY

o Which of the following words is the
closest in meaning to the word regular?

A periodic
B limited

C seasonal
D ordered

o In the sentence “Salts are compounds
made of a metal and a nonmetal,” what
does the word compounds mean?

A substances that cannot be broken down
into simpler ones

B substances made of two or more
substances without chemical bonding

C the materials or elements that make up
a substance

D substances made by the combination of
two or more different things

o Which of the following sets of words best
completes the following sentence:
“A certain region of the periodic table
metals."?

A corresponds to
B correspond by
C corresponding of

D corresponded in

o Choose the appropriate form of the
word specific in the following sentence:
“Elements have a number of
protons.”

A specify
B specific
C specification

D specifically
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Assessme

m 8.3.a, 8.3.f, 8.7, 8.7b,
> 8.1.c, 8.8.b

REVIEWING CONCEPTS

e According to the periodic table, which
elements form the compound CO0,?

A cobalt and osmium
B carbon and oxygen
C copper and osmium
D

calcium and oxygen

e According to its location on the periodic
table, sodium can be described as

A an alkaline-earth metal.
B a transition metal.

C an alkali metal.
D

a metalloid.

o What is the purpose of the zigzag line on
the right side of the periodic table?

A It marks the border between the alkali
metals and the transition metals.

B It indicates a family of elements that
have the same chemical properties.

C It connects the elements in the table
that have the same atomic number.

D It divides the metals and nonmetals,
and shows where the metalloids are.

6

C

Carbon
12.0

0 What does the number at the top of the
square above tell you about carbon?

A Carbon has 6 protons in its nucleus.

B Carbon has an average atomic mass
of 12.0.

C Carbon has 12 isotopes.

D Carbon has 6 electrons in its outer level.




o Elements that have the same number
of protons but a different number of
neutrons in the nucleus are called

A periods.
B metalloids.
C groups.
D isotopes.

Which of the following best describes the
properties of metals?

A hard, brittle, and unconductive
B liquid, dark, and conductive
C shiny, malleable, and conductive

D soft, oily, and very reactive

In what order are the regions arranged on
the periodic table, reading left to right?

A inert gases, metals, nonmetals,
metalloids

B metalloids, metals, nonmetals, inert
gases

C metals, metalloids, nonmetals, inert
gases

D nonmetals, inert gases, metals,
metalloids

Fluorine, chlorine, bromine, iodine, and
astatine make up group 17, the halogens.
Why are these elements grouped
together?

A They are all very reactive nonmetals
with similar chemical properties.

B They are all nonreactive gases with
similar physical properties.

C Their atoms all have 8 electrons in their
outer energy levels.

D They all have the same atomic number.

REVIEWING PRIOR LEARNING

@ Which of the following would be the best
way to compare the densities of two rock
samples?

A

Divide each rock’s mass by its volume.
The rock with the higher number is
denser.

Measure the rocks in a graduated
cylinder. The one that displaces more
water is denser.

Use a balance to measure the samples.
The higher number is the denser rock.

Hold the samples in your hands. The
rock that feels heavier is denser.

Which of the following describes a

chemical property of rubbing alcohol?

A

B
C
D

It is colorless.
It has a strong odor.
It evaporates quickly.

It burns easily.

Al
=k
Q
=
=3
)
q
=8
L2
>
»
@ Which of the following can be found at (-]
point A? -
A electrons =
("]
B protons =
. [
C ions
D electron clouds
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Science
in Action

Weird Science

Buckyballs

In 1985, scientists found a completely new
kind of molecule! This carbon molecule has
60 carbon atoms linked in a shape similar to
that of a soccer ball. This molecule is called
a buckyball. Buckyballs have also been found
in the soot from candle flames. And some
scientists claim to have detected buckyballs
in space. Chemists have been trying to iden-
tify the molecule’s properties. One property
is that a buckyball can act like a cage and
hold smaller molecules or atoms. Buckyballs
are both slippery and strong. Scientists are
exploring their use in tough plastics and cut-
ting tools.

Language Arts I,\\El'ﬂ!ﬂy

Imagine that you are trapped within a
buckyball. Write a one-page short story
in your Science Journal describing your
experience. Describe the windows in
your molecular prison.
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Scientific Discoveries

Modern Alchemy

Hundreds of years ago, many people
thought that if you treated lead with certain
chemicals, it would turn into gold. People
called alchemists often spent their whole
lives trying to find a way to make gold from
other metals, such as lead. We now know
that the methods alchemists used to try to
change one element to another could not
work. But in the 20th century, scientists
learned to change one element to another!
In a nuclear reaction, small particles
collide with atomic nuclei and can change
the nuclei into nuclei of different elements.
Using this method, researchers have actually
been able to add new elements to the peri-
odic table.

\ o W
math ACTiViTy

If you split an atom of lead (atomic

number = 82) and one of the atoms that

results is gold (atomic number = 79), what

element will the other atom that results

from this change be? Write your answer

in your Science Journal.



People in Science
Glenn T. Seaborg

Making Elements When you look at the periodic table, you can thank Dr.
Glenn Theodore Seaborg and his colleagues for many of the actinide elements.
While working at the University of California at Berkeley, Seaborg and his team added a
number of elements to the periodic table. His work in identifying properties of plutonium
led to his working on the top-secret Manhattan Project at the University of Chicago. He
was outspoken about the beneficial uses of atomic energy and, at the same time, opposed
the production and use of nuclear weapons.
Seaborg’s revision of the layout of the peri-
odic table—the introduction of the actinide
concept—is the most significant since Mendeleev’s
original design. For his scientific achievements, .
in 1951 Seaborg was awarded the Nobel Prize in e "
chemistry jointly with his colleague, Edwin M. [ & s B Be
McMillan. Element 106, which Seaborg neither =
discovered nor created, was named seaborgium NP7
in his honor. For the first time, an element had _ N
been named after a living person. i - Mk M WA YR vk

p— o -

el I By TR T T
\ a S Ti" V' Cr Mn
= - C : ¥ B P T T D
Social Studies ,A lﬂ!ﬂk | st” YHUZ “H 243
Write a newspaper editorial in your . r. No Mﬂ
Science Journal expressing an opinion for or 5

s
against the Manhattan Project. Be sure to ba L3
include information to support your view. :

44
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Internet Resources

® To learn more about @ To learn more about @ Check out articles
careers in science, visit ~ these Science in Action  related to this chapter
www.scilinks.org and topics, visit go.hrw.com by visiting go.hrw.com.

enter the SciLinks and type in the Just type in the
code HY70225. keyword HY7PRTF. keyword HY7PRTC.
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Interactions

TIMELINE

1828

Urea, a compound found

in urine, is produced in a
laboratory. Until this time,
chemists had believed
that compounds created
by living organisms could
not be produced in the

1858

German chemist
Friedrich August
Kekulé suggests
that carbon forms
four chemical
bonds and can
form long chains.

laboratory.

of Matter

In this unit you will study

the interactions through e L i e
: - e o 1942

which matter can change ' ' :

.. ) ) & The first nuclear

its identity. You will learn 4 P » ﬁ’ . SR Chain reaction

how atoms bond with one % is carried out in
*' a squash court

another to form compounds e under the foot-

and how atoms join in b : ball stadium at

. ' *  the University of

different combinations

to form new substances
through chemical reactions.
You will also learn about
the properties of several
categories of compounds.
This timeline includes some
of the events leading to the
current understanding of
these interactions of matter.

Chicago.

Public fear about nuclear
power grows after an
accident occurs at the
Three Mile Island nuclear

power station located in
Pennsylvania.
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1867 1898 1903

Swedish chemist Alfred Nobel The United States Marie Curie, Pierre

develops dynamite. Dynamite’s defeats Spain Curie, and Henri

explosive power is a result of in the Spanish- Becquerel are

the decomposition reaction of American War. awarded the Nobel

nitroglycerin. Prize in physics for
the discovery of

radioactivity.

1964

Dr. Martin Luther King,
Jr, American civil rights
leader, is awarded the

Nobel Peace Prize.

1969

The Nimbus Il weather
satellite is launched by the
United States, representing
the first civilian use of
nuclear batteries.

1996 2001 2002

Evidence of organic compounds The first total solar eclipse Hy-wire, the world’s first drivable
in a meteorite leads scientists of the millenium occurs vehicle to combine a hydrogen
to speculate that life may have on June 21. fuel cell with by-wire technology,
existed on Mars more than 3.6 is introduced.

billion years ago.
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@), Chapter Preview

Improving Comprehension

Graphic Organizers are important visual tools that can help you organize
information and improve your reading comprehension. The Graphic Organizer
below is called a comparison table. Instructions for creating other types of
Graphic Organizers are located in the Study Skills section of the Appendix.

How to Make a Comparison Table

@ Draw a table like the one shown below.
Draw as many columns and rows as you
want to draw.

In the top row, write the topics that you
want to compare.

In the left column, write the general charac-
teristics that you want to compare. As you
read the chapter, fill in the characteristics for
each topic in the appropriate boxes.

When to Use a Comparison Table

A comparison table is useful when you want

to compare the characteristics of two or more
topics in science. Organizing information in a
table helps you compare several topics at one
time. In a table, all topics are described in terms
of the same list of characteristics, which helps
you make a thorough comparison. As you read,
look for topics whose characteristics you may
want to compare in a table.

(2]
(3]

Ionic bonds Covalent bonds Metallic bonds
How the * valence electrons |- valence electrons |- positively charged
bond forms are transferred are shared between | metal ions are
from one atom to two atoms attracted to the
another electrons around
them
Types of * metal and * nonmetal and * metal and metal
atoms usually [ nonmetal nonmetal
bonded
Properties of |- brittle at room * brittle solids + conductivity
compounds temperature - high melting and |- ductility
* high melting and boiling points - malleability
boiling points
* highly soluble
in water

You Try It!

This Reading Strategy can also be used within the chapter that you are
about to read. Practice making your own comparison table as directed

in the Reading Strategies for Section g} and Section (&J). Record your

work in your Science Journal.
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Unpacking the Standards

The information below “unpacks” the standards by breaking them down
into basic parts. The higher-level, academic vocabulary is highlighted
and defined to help you understand the language of the standards.
“What It Means” restates the standards as simply as possible.

California Standard Academic Vocabulary

8.3.a Students know the structure
of the atom and know it is composed of
protons, neutrons, and electrons.

%

structure (STRUHK chuhr) the
arrangement of the parts of a whole

An atom is made up of small particles called
protons, neutrons, and electrons, which are
arranged in a predictable pattern.

8.3.b Students know that compounds
are formed by combining two or more
different elements and that compounds
have properties that are different from their
constituent elements.

constituent (kuhn STICH oo uhnt)
serving as part of a whole

Compounds form when two or more
elements combine. The properties of a
compound differ from the properties of the
elements that make up the compound.

8.3.c Students know atoms and
molecules form solids by building up
repeating patterns, such as the crystal
structure of NaCl or long-chain polymers.

structure (STRUHK chuhr) a whole that
is built or put together from parts

Solids are made up of atoms and molecules
arranged in organized, repeating patterns.
For example, table salt is made up of
crystals, and plastics are made up of
polymer chains.

8.3.f Students know how to use
the periodic table to identify elements in
simple compounds.

identify (ie DEN tuh rie) to point out or
pick out

You must know how to use the table

that arranges elements by atomic number
to find which elements are in simple
compounds.

8.5.a Students know reactant atoms
and molecules interact to form products
with different chemical properties.

interact (i~ tuhr AKT) to act upon
one another

chemical (KEM i kuhl) of or having
to do with the properties or actions of
substances

When atoms and molecules are put
together, they can interact to form new
substances whose chemical properties
differ from the properties of the original
substances.
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—
Chemical
Bonding

The
Big Atoms combine by

forming ionic, covalent,

Idea and metallic bonds.

California Standards

Focus on Physical Sciences

8.3 Each of the more than 100 elements of matter has distinct
properties and a distinct atomic structure. All forms of matter are
composed of one or more of the elements. (Sections 1, 2, and 3)

8.5 Chemical reactions are processes in which atoms are rearranged
into different combinations of molecules. (Section 2)

Investigation and Experimentation

8.9 Scientific progress is made by asking meaningful questions and

conducting careful investigations. (Science Skills Activity) .

-

Math Organize

6.2.3 Number Sense

English-Language Arts

by Reading guag Layered Book

8.1.3 Writing Before you read this chapter, create the
FoldNote entitled “Layered Book." Label
the tabs of the layered book with “Chem-
ical bond,” “lonic bond,” “Covalent bond,”
and “Metallic bond.” As you read the

i chapter, write information that

About the PhOtO you learn about each category

. . . th iate tab.
What looks like a fantastic “sculpture” is on the appropriate ta

really a model of deoxyribonucleic acid (DNA). '“SIL’“C“MS f°: c’eat:l“_g
DNA is one of the most complex molecules i
iy . . . the Study Skills section

in living things. In DNA, atoms are joined by on p. 518 of the Appendix.
chemical bonds in two very long spiral strands.

These strands join to form a double spiral. The
DNA in living cells has all the coding for passing
on the traits of that cell and that organism.
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L
1+ Explore Activity @6 @ e @ 20 min e

Bonding and Properties 4.\When the material becomes too thick 85.a
to stir, remove it from the cup and knead

it with your fingers. Describe the physical
properties of this substance.

Particles of glue bond to other particles and hold
objects together. Different types of bonds create

differences in the properties of substances. In this
activity, you will see how the formation of bonds Analysis

causes a change in the properties of white glue. 5. Compare the physical properties of the glue

Procedure with those of the product formed.

1. Fill a small paper cup one-fourth full of white 6. The properties of the product resulted from
glue. Record the physical properties of the glue. bonds between the borax and the glue. Predict

2.Fill a second small paper cup one-fourth full the properties of the material if less borax is used.

of borax solution. Describe the appearance of

the borax. M
. . . TS S

. Pour the borax solution into the cup of white :
glue, and stir well using a plastic spoon or a —

wooden craft stick.




What You Will Learn

® Chemical bonding is the joining
of atoms to form new substances.

@ Valence electrons are used to form
chemical bonds.

® The number of valence electrons
in an atom determines whether
the atom will form bonds.

Why It Matters

Understanding chemical bonding helps
explain why some elements combine
and some do not.

Vocabulary

* chemical bonding
+ chemical bond

« valence electron

READING STRATEGY

Clarifying Concepts Take turns
reading this section out loud with a
partner. Stop to discuss ideas that
seem confusing.

8.3.a Students know the structure of the atom
and know it is composed of protons, neutrons, and
electrons.

8.3.b Students know that compounds are formed
by combining two or more different elements and
that compounds have properties that are different
from their constituent elements.

8.3.f Students know how to use the periodic
table to identify elements in simple compounds.

Figure 1 Everything you
see in this photo is formed

by combining atoms.
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Electrons and
Chemical Bonding

Key Concept Atoms share, gain, or lose electrons
when chemical bonds form.

P> Have you ever stopped and thought that by using only the
26 letters of the alphabet, you make all of the words you use
every day? Even though the number of letters is limited, joining
the letters in different ways allows you to make a huge number
of words. In the same way that words can be formed by joining
letters, substances can be formed by combining atom:s.

Combining Atoms Through
Chemical Bonding

Look at Figure 1. Now, look around the room. Everything
you see is made of atoms of elements. All substances are made
of atoms of one or more of the more than 100 elements. For
example, the atoms of carbon, hydrogen, and oxygen combine
in different patterns to form sugar, alcohol, and citric acid.
Chemical bonding is the joining of atoms to form new sub-
stances. The properties of these new substances are different
from the properties of the original elements. An interaction
that holds two atoms together is called a chemical bond. When
chemical bonds form, electrons are shared, gained, or lost.

Lt he 399 What is chemical bonding? (m)8.3.b

Discussing Bonding Using Models

We cannot see atoms and chemical bonds with the eye
alone. Because atoms are complex, models are used to discuss
how and why atoms form bonds. But the simple models that
are used to discuss the electrons in an atom do not show all of
the details of the structure of the atom or chemical bond.




@’T1LY) Electron Arrangement in an Atom

© The first energy
level is closest
to the nucleus.
It can hold

Electrons will begin filling the
second energy level only after
the first level is full. The second
energy level can hold up to eight
electrons.

up to two
electrons.

Electron Number and Organization

To understand how atoms form chemical bonds, you need
to know about the electrons in an atom. The number of
electrons in an atom is the same as the atomic number of the
element. The atomic number is the number of protons in an
atom. But atoms have no charge. So, the atomic number also
tells you the number of electrons in the atom.

Electrons in an atom are organized in energy lev-
els. Figure 2 shows a model of how the 17 electrons in a
chlorine atom fill up the energy levels. This model and
models like it are useful for counting electrons in energy levels
of atoms. But these models do not show the true structure of
atoms.

Outer-Level Electrons and Bonding

Not all of the electrons in an atom make chemical bonds.
Most atoms form bonds using only the electrons in the outer-
most energy level. An electron in the outermost energy level
of an atom is a valence electron. The models in Figure 3 show
the valence electrons for two atoms.

Sl SNE 49 Where in the atom are the electrons that are used
to form bonds located? 8.3.a

@ TIZED Counting Valence Electrons

Oxygen . e Sodium
Atomic number: 8
Electron total: 8 .
First level: 2 electrons ‘

+
Second level: 6 electrons = 9

An oxygen atom has — ;

six valence electrons. o

Atomic number:
Electron total: 11
First level: 2 electrons
Second level: 8 electrons
Third level: 1 electron

A sodium atom has /

\GThe third energy level fills with

electrons after the second level
is full. This model of a chlorine
atom has a total of 17 electrons.
The outer level of this atom has
seven electrons and is not full.

chemical bonding (KEM i kuhl
BAHN ding) the combining of atoms
to form molecules or ionic
compounds

chemical bond (KEM i kuhl
BAHND) an interaction that holds
atoms or ions together

valence electron (VAY luhns

ee LEK TRAHN) an electron that is
found in the outermost shell of an
atom and that determines the atom'’s
chemical properties

11

one valence electron.

Section 1

Electrons and Chemical Bonding
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Determining the Number of Valence Electrons

Rb

Cs

Fr

Atoms of elements in Groups
1 and 2 have the same
number of valence electrons
as their group number.

2
Be
Mg 3
Ca Sc
Sr Y
Ba La
Ra Ac

Atoms of elements in Groups 3-12 do
not have a rule relating their valence
electrons to their group number.

4
Ti

Zrx

Hf

Rf

Quick Lab

A Model Atom

1. Select an
element from
the first three
periods of

the periodic
table.

2. 0n a paper

plate, draw a
model of an atom of your

chosen element by using
colored pencils.

3. How many valence elec-
trons does your atom have?
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Valence Electrons and the Periodic Table

9
Co

Rh

Ir

Mt

10
Ni

Pd

Pt

Ds Uuu Uub Uut Uuq Uup

Atoms of elements in Groups 13-18
have 10 fewer valence electrons than
their group number. However, helium
atoms have only 2 valence electrons.

11 12
Cu Zn

Ag cd

Au Hg

13
B

Al

Ga

In

T1

14
C

Si

Ge

Sn

Pb

15
N

P

As

Sb

Bi

16
0

S

Se

Te

Po

17

Cl

Br

At

18

Ne

Ar

Kr

Xe

Rn

You can use a model to find the number of valence
electrons of an atom. But what if you don’t have a model?
For some elements, you could use the periodic table!

Elements are grouped based on similar properties. Within

a group, or family, the atoms of each element have the same
number of valence electrons. So, the group numbers can help
you determine the number of valence electrons. Figure 4 shows

83.a how to use the periodic table to find the number of valence

electrons for some atoms.

To Bond or Not to Bond

Not all atoms bond in the same way. In fact, some atoms
hardly ever bond at alll The number of valence electrons in

the outermost energy level of an atom determines if an atom
will form bonds.

Atoms of the noble gases (Group 18) do not usually form

bonds. Atoms of Group 18 elements (except helium) have eight

valence electrons. Atoms that have eight electrons in their
outermost energy level are nonreactive. So, they do not tend
to form bonds. The outermost energy level of an atom is full
if the level contains eight electrons.

MLl (W@ 199 The atoms of which group in the periodic table
rarely form chemical bonds? (e)8.3.f

Chemical Bonding



e A valence electron is an

Filling The Outermost Level

Atoms that have fewer than eight valence
electrons usually form bonds. In order to fill the
outermost energy level, atoms bond by gaining,
losing, or sharing electrons. Figure 5 shows how
two kinds of atoms can have a full outermost
energy level with eight electrons.

Are Two Electrons a Full Set?

Not all atoms need eight valence electrons
to have a filled outermost energy level. Helium
atoms need only two. The first energy level in a
helium atom is also the outermost one. This level
can hold only two electrons. So, the outermost
energy level of a helium atom is full with only
two electrons. Atoms of hydrogen and lithium
also form bonds by gaining, losing, or sharing
electrons so that there are two electrons in the
first energy level.

/F"

SECTION
Review

8.3.a, 8.3.b,
T 8.3.f

form bonds.

® Chemical bonds form when

atoms join to form new
substances. A chemical bond
is an interaction that holds
two atoms together.

bonding.

electron in the outermost
energy level of an atom.

® Most atoms form bonds by
gaining, losing, or sharing
electrons until they have
eight valence electrons.
Atoms of some elements
need only two electrons to
fill their outermost level.

barium atom.

@ TLX) Filling Outermost Energy Levels

© Comparing How are valence
electrons different from other
electrons in an atom?

© Identifying Use the periodic
table to identify three elements
whose atoms are not likely to

© Describing Describe chemical

O Applying Explain how to use
valence electrons to predict if
an atom will form bonds.

Critical Thinking

© Making Inferences How can
an atom that has five valence
electrons achieve a full set of
valence electrons?

© Applying Concepts Identify the
number of valence electrons in a

Sulfur

An atom of sulfur has
six valence electrons. It
can have eight valence
electrons by sharing
two electrons with or
gaining two electrons
from other atoms.

Magnesium

An atom of magne-
sium has two valence
electrons. It can have a
full outer level by los-
ing two electrons. The
second energy level
becomes the outer-
most energy level and
has eight electrons.

Understanding Concepts Challenge

INTERPRETING GRAPHICS Use
the image below to answer the next
question.

I

Fluorine

© Applying Concepts How many
valence electrons are in a fluo-
rine atom? Will fluorine atoms
form bonds? Explain.

Internet Resources

For a variety of links related to this
chapter, go to www.scilinks.org

Topic: The Electron; Periodic Table N
SciLinks code: HY70489; HY71125




What You Will Learn

® lons of different elements can
combine by forming ionic bonds.

® Positive ions and negative ions form
when atoms lose or gain electrons.

@ |onic compounds form solids by
building up a repeating pattern
called a crystal lattice.

Why It Matters

Learning about ionic bonds can help
you understand the properties of ionic
compounds, such as table salt.

Vocabulary
* ionic bond

s ion

« crystal lattice

READING STRATEGY

Graphic Organizer In your Science
Journal, make a Comparison Table that
compares the outermost energy level
and the ions that tend to form between
metallic and nonmetallic atoms.

ionic bond (ie AHN ik BAHND) the
attractive force between oppositely
charged ions, which form when
electrons are transferred from one
atom to another

ion (IE ahn) a charged particle
that forms when an atom or group
of atoms gains or loses one or
more electrons

Figure 1 Calcium carbonate
in this snail’s shell contains

ionic bonds.
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lonic Bonds

Key Concept lonic bonds form when electrons
are transferred from one atom to another atom.

P Have you ever tasted sea water? If so, you most likely didn’t
enjoy it. Sea water tastes different from tap water because salt is
dissolved in sea water. One of the salts in sea water is the same as
the table salt that you eat. The chemical bonds in salt are ionic
bonds.

Forming lonic Bonds

Figure 1 shows another substance that contains ionic bonds.
An ionic bond forms when valence electrons are transferred
from one atom to another atom. Like all chemical bonds, ionic
bonds form so that the outermost energy levels of the atoms
in the bonds are filled. In an ionic bond, one atom has lost
electrons. And the other atom has gained electrons.

e he 799 What happens during ionic bonding? (m)8.3.b

Charged Particles

An atom is neutral because the number of electrons in an
atom equals the number of protons. So, the electric charges
of the electrons and protons cancel each other. A transfer of
electrons between atoms changes the number of electrons in
each atom. But the number of protons stays the same in each
atom. The negative charges and positive charges no longer
cancel out, and the atoms become ions. lons are charged par-
ticles that form when atoms gain or lose electrons. If an ion
has more protons than electrons, it is a positive ion. If it has
more electrons than protons, it is a negative ion.

Chemical Bonding



Figure 2 An aluminum atom
can lose its three electrons in
the third energy level to another
0 atom. The filled second level
then becomes the outermost
energy level, so the aluminum
ion has eight valence electrons.

a q

Aluminum atom (Al) Aluminum ion (AP*)

13+  protons —— 13+  protons
13— electrons 10—  electrons
0 charge 3+ charge

Forming Positive lons

During chemical changes, ionic bonds form when atoms
pull electrons away from other atoms. The atoms that lose elec-
trons form positive ions because these atoms have more protons
than electrons. There are more positive charges than negative
charges. So, the net charge on these ions is positive.

Metal Atoms and the Loss of Electrons

Atoms of most metals have few electrons in their outermost
energy level. When metal atoms bond with other atoms, the
metal atoms tend to lose these valence electrons and form
positive ions. The aluminum atom shown in Figure 2 has three
valence electrons. When it loses these electrons to another
atom, the aluminum atom becomes an ion. So, an aluminum
ion has three more protons than it has electrons. The ion has
a 3+ charge. The chemical symbol for this ion is written as
AI’*. Notice that the charge is written to the upper right of
the chemical symbol.

The Energy Needed to Remove Electrons

When an atom loses electrons, energy is needed to over-
come the attraction of the electrons to the protons in the
nucleus. Much less energy is needed to take electrons from
metal atoms than from nonmetal atoms. The elements in
Groups 1 and 2 react very easily because the energy needed
to remove electrons from their atoms is so small. So, only
the ions, and not the atoms, of these elements are found
in nature. In ionic bonding, the energy needed to remove
electrons from metal atoms comes from the formation of
negative ions.

Ml M@ 19 Explain why energy is needed to form positive
ions. 8.J.a

ScHo0L to Hoy)

Studying Salt

Spread several grains of salt
on a dark sheet of construc-
tion paper. Use a magnifying
lens to examine the salt. Ask
an adult at home to examine
the salt. Discuss what you
saw. Then, gently tap the salt
with a small hammer. Exam-
ine the salt again. Describe
your observations in your

Science Journal.
KeTiVily

-

8.3.a Students know the structure of the atom
and know it is composed of protons, neutrons,
and electrons.

8.3.b Students know that compounds are formed
by combining two or more different elements and
that compounds have properties that are different
from their constituent elements.

8.3.¢ Students know atoms and molecules form
solids by building up repeating patterns, such as the
crystal structure of NaCl or long-chain polymers.
8.5.a Students know reactant atoms and
molecules interact to form products with different
chemical properties.

Section 2 lonic Bonds 231



Figure 3 An oxygen atom can gain

two electrons in the second energy
level from another atom. An oxide o

q 9

ion that has eight valence electrons
is formed. Thus, its outermost energy

level is filled.

IAATE) RRACTice,
Calculating Charge

Calculating the charge of an
ion is the same as adding
integers (positive or nega-
tive whole numbers and 0)
that have opposite signs.
You write the number of
protons as a positive integer
and the number of electrons
as a negative integer. Then,
you add the integers. For
example, the sodium ion has
11 protons and 10 electrons,
so you would add (11+) and
(10-) to get a charge of 1+.
Calculate the charge of an
ion that contains 16 protons
and 18 electrons. Write the
ion’s symbol and name.
Record your work in your
Science Journal.
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Oxygen atom (O) Oxide ion (0%))
8+ protons 8+  protons
8— electrons — 10— electrons
0 charge 2—  charge

Forming Negative lons

During chemical changes, some atoms gain electrons from
other atoms. The ions that form have more electrons than
protons. These ions have an overall negative charge because
there are more negative charges than positive charges.

How Nonmetal Atoms Become Negative lons

The outermost energy level of nonmetal atoms is almost
full. Only a few electrons are needed to fill it. So, atoms of
nonmetals tend to gain electrons from other atoms.

Figure 3 shows how an atom can become a negative ion.
An atom of oxygen has six valence electrons. So, an oxygen
atom needs only two electrons to have a full set of valence elec-
trons. When an oxygen atom gains two electrons, it becomes
an oxide ion that has a 2— charge. The symbol for the oxide
ion is O*".

Notice that the name of the negative ion formed from
oxygen ends with -ide. This ending is used for the names of
the negative ions formed when atoms gain electrons.

The Energy of Gaining Electrons

Atoms of most nonmetals fill their outermost energy level
by gaining electrons. Energy is given off by most nonmetal
atoms when they gain electrons. The more easily an atom
gains an electron, the more energy the atom releases. Atoms
of Group 17 elements (the halogens) give off the most energy
when they gain an electron. The halogens, such as fluorine
and chlorine, are very reactive because they release a large
amount of energy. An ionic bond forms because of the strong
forces of attraction between the positive metal ions and the
negative nonmetal ions.

MLl fNE 9 Atoms of which group in the periodic table give
off the most energy when forming negative ions? (w832

Chemical Bonding



Forming lonic Compounds

When ionic bonds form, the number of electrons lost by
the metal atoms equals the number gained by the nonmetal
atoms, as shown in Figure 4. The ions that bond are charged.
But the compound formed is neutral because the charges cancel
each other. An ionic bond forms because the opposite charges
of the ions cause the ions to stick together.

When a metal and a nonmetal combine by ionic bonding,
the resulting compound has different prop<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>