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Preface

To the Instructor

Chemistry in Focus is a text designed for a one-semester college chemistry course

The two main goals of this for students not majoring in the sciences. This book has two main goals: the first is
book are for students to to develop in students an appreciation for the molecular world and the fundamental
understand the molecular role it plays in daily life; the second is to develop in students an understanding of

world and to understand
the scientific issues that
face society.

the major scientific and technological issues affecting our society.

A MOLECULAR FOCUS

The first goal is essential. Students should leave this course understanding that
the world is composed of atoms and molecules and that everyday processes—water
boiling, pencils writing, soap cleaning—are caused by atoms and molecules. After
taking this course, a student should look at water droplets, salt crystals, and even
the paper and ink of their texts in a different way. They should know, for example,
that beneath the surface of a water droplet or a grain of salt lie profound reasons
for each of their properties. From the opening example to the
closing chapter, this text maintains this theme through a con-
sistent focus on explaining the macroscopic world in terms of
the molecular world.

The art program, a unique component of this text, empha-
sizes the connection between what we see—the macroscopic
world—and what we cannot see—the molecular world. Through-
out the text, photographs of everyday objects or processes are
maghnified to show the molecules and atoms responsible for them.
The molecules within these magnifications are depicted using
space-filling models to help students develop the most accurate
picture of the molecular world. Similarly, many molecular
formulas are portrayed not only with structural formulas but
with space-filling drawings as well. Students are not meant to
understand every detail of these formulas—because they are
not scientists, they do not need to. Rather, they should begin to
appreciate the beauty and form of the molecular world. Such an
appreciation will enrich their lives as it has enriched the lives of
those of us who have chosen science and science education as
our career paths.

eyedear/Shutterstock.com

CHEMISTRY IN A SOCIETAL
AND ENVIRONMENTAL CONTEXT

The other primary goal of this text is to develop in students an understanding
of the scientific, technological, and environmental issues facing them as citizens
and consumers. They should leave this course with an understanding of the im-
pact of chemistry on society and on humankind’s view of itself. Topics such as
global warming, ozone depletion, acid rain, drugs, medical technology, and con-
sumer products are covered in detail. In the early chapters, which focus primarily
on chemical and molecular concepts, many of the box features introduce these

XVi
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Preface XVii

applications and environmental concerns. The later chapters focus on these top-
ics directly and in more detail.

MAKING CONNECTIONS

Throughout the text, I have made
extensive efforts to help students
make connections, both between the
molecular and macroscopic world and
between principles and applications.
The chapter summaries are designed to
reinforce those connections, particu-
larly between chemical concepts and
societal impact. The chapter summaries
consist of two columns, one summariz-
ing the major molecular concepts of
the chapter and the other, the impacts ;
of those concepts on society. By put-
ting these summaries side by side, the o
student can clearly see the connections.

SUMMARY

Molecular Concept

Societal Impact

NOAA

KEY TERMS

oo Han
halite

A Tour of the Text
GENERAL CHAPTER STRUCTURE

Each chapter opens with a brief paragraph introducing the chapter’s main topics
and explaining to students why these topics are relevant to their lives. These open-
ers pose questions to help students understand the importance of the topics. For
example, the opening paragraphs to Chapter 1 state, “As you read these pages, think
about the scientific method—its inception just a few hundred years ago has changed
human civilization. What are some of those changes? How has the scientific method
directly impacted the way you and I live?”

Each chapter introduces
the material with
Questions for Thought.

O Forp-to-date URLs, it s ext'sCompanion e, 21 Adlakenthegen 51

[
‘whichis accessbie fom wwwcengagebrain.com.

Atoms and Elements

—Democritus

' this chapter, you will see how everything—the

air you breathe, the liquids you drink, the chair

you sit on, and even your own body—is ulti-
mately composed of atoms. One substance is differ-
ent from another because the atoms that compose
each substance are different (or arranged differ-
ently). How are atoms different? Some substances
share similar properties. For example, helium, neon,
and argon are all inert (nonreactive) gases. Are their
atoms similar? If so, how?

Keep in mind the scientific method and espe-
cally the nature of scientific theories as you learn
about atoms. You will learn two thearies in this

QUESTIONS for THOUGHT

chapter-—the Bohr theory and the quantum mechani-
cal theory—that model atoms. These models of real-
ity help us to understand the differences among the
atoms of various elements, and the properties of
the elements themselves. The connection between
the microscopic atom and the macroscopic clement is
the key to understanding the chemical world. Once
we understand—based on their atoms—why lements
differ from one another, we can begin to understand
our world and even ourselves on a different level
For example, we can begin (o understand why some
atoms are dangerous 1o the environment or to human
life, whereas others are not.

o What composes all matter?

o What makes one element diffeent from another?
How do the atoms of different elements iffer
from one another?

‘o What are atoms composed of?
o How dowe specify a given atom?

o Dosimilarities between atoms make the elements
they compose similar? What are those similarities?

m AWalk on the Beach

‘o How do we create a model or the atom that
explains simiarities and diferences among
elements? How do we use that model?

o How do we know numbers o atoms in an object?
For example, can we calculate the number of
atomsina penny?
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Xviii Preface

The opening paragraphs of each chapter are followed by Questions for
Thought directly related to chapter content. These questions are answered in the
main body of each chapter; presenting them early provides a context for the
chapter material.

Most chapters, as appropriate, follow with a description or thought experi-
ment about an everyday experience. The observations of the thought experiment
are then explained in molecular terms. For example, a familiar experience may
be washing a greasy dish with soapy water. Why does plain water not dissolve
the grease? The molecular reason is then given, enhanced by artwork that shows
a picture of a soapy dish and a magnification showing what happens with the
molecules.

Continuing this theme, the main body of each chapter introduces chemical
principles in the context of discovering the molecular causes behind everyday
observations. What is it about helium atoms that makes it possible to breathe
small amounts of helium gas—as in a helium balloon—without adverse side ef-
fects? What is it about chlorine atoms that makes breathing chlorine gas dan-
gerous? What happens to water molecules when water boils? These questions
have molecular answers that teach and illustrate chemical principles. The text
develops the chemical principles and concepts involved in a molecular under-
standing of the macroscopic observations.

Once the student is introduced to basic concepts, consumer applications and
environmental problems follow. The text, however, does not separate principles
and applications. Early chapters involving basic principles also contain appli-
cations, and later chapters with more emphasis on applications build on and
expand basic principles.

Helium nucleus
2 protons
z=2

iStock.com/Menno Hartemink

EXAMPLES AND YOURTURN -
EXERCISES

Example problems are included through-
out the text, followed by related Your
Turn exercises for student practice. In
designing the text, I made allowances for
different instructor preferences on quan-
titative material. Although a course for

Using the Molar Mass to Find the Number of Molecules
ina Sample of a Compound

soLuTION

asked to find.
Given

0100gH,0

Find

Number of water molecules

the number of water molecules.

01004 %

T fE | 6022 107 molecules
8022 X 107 mOICCUIES _ 334 x 107 molecules
=3

Teoig "

nonmajors is not usually highly quan-

titative, some instructors prefer more
quantitative material than others. To ac-
commodate individual preferences, many
quantitative sections, including some
Examples and Your Turn exercises, can
be easily omitted. These are often placed
toward the end of chapters for easy omis-
sion. Similarly, exercises in the back of
each chapter that rely on quantitative
material can also be easily omitted. In-
structors desiring a more quantitative course should include these sections, whereas
those wanting a more qualitative course can skip them. The answers to the Your
Turn exercises can be found in Appendix 3.

Using the Molar Mass to Find the Number of Molecules
ina Sample of a Compound

Calculatethe number of carbon tetrachioride (CCl; molecules in 382, of arbon
tetrach

m Composition of Compounds: Chemical
Formulas as Conversion Factors
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BOXED FEATURES
Molecular Thinking

Molecular Thinking boxes describe an
everyday observation related to the
chapter material. The student is then
asked to explain the observation based
on what the molecules are doing. For
example, in Chapter 4, when chemi-
cal equations and combustion are dis-
cussed, the Molecular Thinking box
describes how a fire will burn hotter
in the presence of wind. The student is
then asked to give a molecular reason—
based on what was just learned about
chemical equations and combustion—
to explain this observation.

Molecular Focus -

Calcium Carbonate

stone caves. These formations develop "7
overtime because rinvater,containing

Naming lonic Compounds
Give the name forthe compound M
soLuTioN

The cortect name is magnesium fluoride.

Naming lonic Compounds
Givethe name or the compound kbt
Naming lonic Compounds That Contain
aPolyatomic lon
Give the name or the compound NaOH.
(continued)

The Molecular Revolution

The Molecular Revolution boxes high-
light topics of modern research and re-
cent technology related to the chapter’s
material. Examples include measuring
global temperatures, imaging atoms
with scanning tunneling microscopy,
and the development of fuel cell and
hybrid electric vehicles.

618 Alookatatsbel 169

. - 3
Molecular Thinking " Q _/ ﬂM

What Happens When We Smell Something

" ongen
Pl o s it oo ok 0% of . i o tin it sl . s

other and everything else. The colleciv efect o these col-
tsions
e

lecular ie
outof the 100 millon nirogen and oxygen molecules (Fg-
e

Figure 611 Geranolnd 2 phenyetranol

o e which i sl hough he o,

cn, oy

Geraniol  CH1,C =CHCH,CH,C =CHCH.OH

Towhat family does the molecule CH,COOCH, belong?
a. carboxylcacid b. alcohol
< ether d ester

m AlLook at a Label

Although we have invested only  small amount of time in our study of organic
chemistry, we can now identify several important kinds of organic compounds. For
example, the shaving cream Edge Gel lst as is contents deionized water, palmitic
acid, tricthanolaminc, pentanc, fatty acid esters, sorbitol, and isobutan.

Molecular Focus

Molecular Focus boxes highlight a
“celebrity” compound related to the
chapter’s material. The physical proper-
ties and structure of the compound are
given and its use(s) described. Featured
compounds include calcium carbonate,
hydrogen peroxide, ammonia, AZT, ret-
inal, sulfur dioxide, ammonium nitrate,
and others.

and induces skin cancer and cataacts in humans, Most i

thinning ofthe ozone ayer Consequently, many counties

January 1, 1996,
of atmosphericozone n Chapter 1

e 201, Surce "
Nitoznewatchgsicnas gov S

J

the Bohr model is not uscful. n fact, the Bohr model is suffcient to predict much of
the chemical behavior we encounter n this book. However, the quantum mechanical
‘model gives us a belter picture of atoms.

(oo 0000

model?

the Sun.
b

specfed.
. The electron i atracted to the nuceus of the atom.

m Families of Elements

Elements such as He, Ne, and Ar that have similar outer electron configurations (in

his case, full oute orbits) have similar properties and form a family or group of
clements. These groups fall in vertical columns on the periodic table. Each column
in the periodic able i asigned a group number, which i shown dirccly above the
colum (Figure 3.16). Some groups are also given a name.

Preface Xix

Boxed features show
relevance and ask
students to interact with
the material.

Celebrity compounds are
highlighted.
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Preface

Chapter summaries

review main molecular

concepts and their
societal impacts.

What If...

What If . . . boxes discuss topics with
societal, political, or ethical implica-
tions. At the end of the discussion
there are one or more open-ended
questions for group discussion. Topics
include the Manhattan Project, gov-
ernment subsidies for the development
of alternative fuels, stem cell research,
and others.

What If...

phy, Determinism, and Quantum

. sening and velociy. The outfelder
medicines and MP3 players for cample However science.  predics the future path of the baseball based on Its

The dis. the

xampie, had aprofound effecton our fundamental under- I other small particles such as protons and

dersto <
threatening, To others, he idea that the future was not
leastfor subatomic
il

s the cas
fsm seemed strong. Newtons laws of motion
the future path of

directon it was going). We all have a sense of ues. However, the indeterminate nature of the subatomic
Taws

billard balls behave according to them. For example, an

the universe is determined by the event before .

quantum mechanical model. According 10 quantum mechanics, the paths of elec-
troms are ot like the paths of baschals flying through the air or of plancts orbiting
the Sun, both of which are predictable. For example, we can predict where Earth
will be n its orbit around the Sun in 2 years, 20 years, or even 200 years. This is not
So for an electron, We cannot predict exactly where an electron will be a any given
time—we can only predict the probabilty of finding it in a certain region of space.
So, which model is correet? Is it the Bohr model or the quantum mechanical
‘model? Remember that in science we build models (or theorics) and then perform
experiments in an attemp o validate them. The Bohr model has been shown 1o be
invalid by experiments. The quantum mechanical model is consistent with all exper-
iments {0 date. OF course, this doesn' make the quantum mechanical theory “true.”
Scientific theories are never proven true, only valid. This also does not mean that

coes

2p orital S arbial

Figure3.13 Figure3.14
oy Source: Progesse PUblshiog Rematves)

36 Momchs 59

Subatomic Particles

Mass(amu)_Charge

10073 [
0087 o
Blecron 0000911 X 10 0000549 1

|

Whatis the diffeence between an isotope and an on?

whereas an ion i defined by the number of protons and neutrons
b. An ionis defined by the elative number of protons and electrons,
s an sotope s defined by the number of protons an

€ Two different jons must always correspond to two different ele-
ments, but two different sotopes could correspond to the same
clement.

m Atomic Mass

A characteisic o an element i the mass of it atoms. Hydrogen, containing only
one proton in its nucleus, i the lightest clement, whercas uranium, containing
92 proons and over 140 neuttons,is among the heaviest. The difficulty in asign-
i a mass (0 a particular clement s that each clement may exist as & mixture of
w0 or more isotopes with different masscs. Consequently, we assign an average
mass to cach clement, called atomic mass. Atomic masses are lsted in the periodic
able (Figure 3.9) and represent a weighted average of the masses of each natually
occurring sotope for that clement.

Calculating Atomic Mass.
‘The atomic mass of any clement i calculated according to the following formula:

atomic mass = (fraction isotope 1) X (mass isotope 1)
“+ Ufraction isotope 2) X (mass isotope 2) +
For example, we saw that naturally occurring chlarine has two isotopes: 75.77%
of chl ms are chlorine-35 (mass 34.97 amu) and 24.23% are chlorine-37
ic mass by summing the atomic masses of
dance:

Clatomic mass = 0.7577 (34.97 amu) + 02423 (3697 amu) = 35.45 amu

Notice that the percent abundances must be converted to fractional abundances by
dividing them by 100, The atomic mass of chlorine is closer to 35 than 37 because
naturally occurring chlorine contains more chlorine-35 atoms than chlorine-37
atoms.

CHAPTER SUMMARIES

Chapters end with a two-column sum-
mary of the ideas presented in the main
body of the chapter. In this summary,
students get a side-by-side review of
the chapter, with molecular concepts
in one column and the coinciding
societal impact in the other. The chap-
ter summary allows the student to get
an overall picture of the chapter and
strengthens the connection between
principles and applications.

Self-Check

The Self-Check boxes consist of ques-
tions that allow students to periodi-
cally check their comprehension. The
questions reinforce the key concepts
in the text, develop students’ critical
thinking skills, and help them relate
the material to the world around them.

74 s AomsandBements

=~ 1mol
ofatoms

= 1.5 % 10" atoms.

1l 6022 X 10° atoms
R e B

‘The Mole Concept I

Calculae the number o atoms ina pure god ring weighing 173

SUMMARY

Molecular Concept Societal Impact

We have seen that all things, including ourseives, are s Because all mater is made of atoms, we can beter
ultimately composed of atoms and that the macro-  understand matter if we understand atoms. The pro-
scopic properties of substances ultimately depend on  cesses that occur around us at any time are caused
the microscopic propertis of the atoms that compose by changes in the atoms that compose matter (3.1).

them (3.1). We completely specify an atom by indicat-  Except in special cases—specificaly, nuclear reactions—
ing cach of the following (3.2-3.5):
© it atomic number (2), which is the number of 1o i, then, is simply misplaced atoms-—atoms that,
because of human activty, have found their way into
. places that they do not belong. However, because at-
b oms don't change, pollution is not an easy problem o
+ its charge (O, which depends on the relaive num-  solve. The atoms tht cause pollution must somehov
ber of protons and electrons. be brought back to their orginal place, or a least 0 a
place where they won't do any harm.

tons in s nucleus

“The mass number and charge can vary for a given ele-
ment, but the atomic number defines the clement and
is, therefore, always the same for a given clement. At-
oms that have the same atomic number but different
mass numbers are called isofopes, and atoms that have
lost or gained electrons to acquire a charge are called
ions. A positive ion is called a carion, and a negative
one s called an anion.

A characteristic of an clement is its atomic mass. 3w Molar masses help us to caleulate the number of atoms
weighied average of the masses of th isotopes that " in a given object simply by weghing it (3.11),
naturally compose that clement (3.6). The atomic

mass is numerically cquivalent to molar mass, the

mass of ane male of that clement n grams. The molar

mass provides a conversion factor between grams and

moles.
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Preface XXi

KEY TERMS

Each chapter has a set of key terms from within that chapter for review and study.
Each of the key terms is defined in the Glossary at the end of the text.

STUDENT EXERCISES

All chapters contain exercises of four types: Questions, Problems, Points to Ponder,
and Feature Problems and Projects. The Questions ask students to recall many of the
key concepts from the chapter. The Problems ask students to apply what they have
learned to solve problems similar to those in the chapter Examples and Your Turn
boxes. The Points to Ponder consist primarily of open-ended short-essay questions
in which students are asked about the ethical, societal, and political implications of
scientific issues. The Feature Problems and Projects contain problems with graphics
and short projects, often involving Web-based inquiry.

NEW TO THIS EDITION

The art program has been updated including every chapter opening image to better
communicate the excitement and relevance of chemistry to our daily lives.

Since CHEMISTRY IN FOCUS emphasizes relevance and connection to current
environmental and technological issues, all of the data relevant to these issues
have been updated and made current. For example, data such as Earth’s tempera-
ture, atmospheric carbon dioxide concentrations, rain acidity, and pollution levels
have been thoroughly researched and made as current as possible.

Interest boxes (Molecular Thinking, Molecular Focus, Molecular Revolution, and
What If) have been updated to reflect the progress and current issues.

The self-check questions have been revised extensively to enhance student
learning and make them adaptable to a digital environment that automatically tells
the student whether or not they answered correctly.

A new set of instructional and interactive videos entitled, BIG PICTURE VID-
EOS, have been created for the new edition. These videos are designed to be as-
signed to students outside of class to introduce important topics in each chapter.
The videos encourage active learning because each video stops in about the middle
and asks the student to answer a question. The video continues after the student
answers the question, forcing them to participate in the learning process.
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Supporting Materials

Please visit http://www.cengage.com/chemistry/tro/cheminfocus6e for information
about student and instructor resources for this text.
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Science, like art, is fun, a playing with truths. . . .
—W. H. Auden
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n this book, you will learn about chemistry,

the science that investigates the small to un-

derstand the large. You will, in my opinion,
be a deeper and better-educated person if you un-
derstand one simple fact: All that is happening
around you has a molecular cause. When you un-
derstand the molecular realm that lies behind eve-
ryday processes, the world becomes a larger and
richer place.

In this chapter, you will learn about the scientific
method—the method that chemists use to learn about
the molecular realm. Contrary to popular thought,
the scientific method is creative, and the work of the
scientist is not unlike the work of the artist. As you
read these pages, think about the modern scientific

1.1 Firesticks 3

method—its inception just a few hundred years ago
has changed human civilization. What are some of
those changes? How has the scientific method di-
rectly impacted the way you and I live?

We will then move on to some fundamental
chemical principles that help us make sense of the
vast variety of substances that exist in the world.
As you learn the details of atoms, elements, com-
pounds, and mixtures, keep in mind the central
role that science plays in our society today. Also
remember that you don’t need to go into the lab-
oratory or look to technology to see chemistry
because—even as you sit reading this book—all
that is happening around you has a molecular
cause.

QUESTIONS for THOUGHT

e What is chemistry?

e What is matter and how do we classify it?

@ How do scientists learn about the world? e What is matter composed of?

e How did science and chemistry develop? e What is the structure of an atom?

m Firesticks

Flames are fascinating. From the small flicker of a burning candle to the heat and
roar of a large campfire, flames captivate us. Children and adults alike will stare at a
flame for hours—its beauty and its danger demand attention. My children have a be-
loved campfire ritual they call “firesticks.” They find dry tree branches, two to three
feet long, and ignite the tips in the campfire. They then pull the flaming branches
out of the fire and wave them in the air, producing a trail of light and smoke. My
reprimands about the danger of this practice work for only several minutes, and
then waving wands of fire find their way back into their curious little hands.

As fascinating as flames are, an unseen world—even more fantastic—lies be-
neath the flame. This unseen world is the world of molecules, the world I hope you
see in the pages of this book. We will define molecules more carefully later; for
now think of them as tiny particles that make up matter—so tiny that a single flake
of ash from a fire contains one million trillion of them. The flame on my children’s
firesticks and in the campfire is composed of molecules, billions of billions of them
rising upward and emitting light (Figure 1.1).

The molecules in the flame come from an extraordinary transformation—called
a chemical reaction—in which the molecules within the wood combine with certain
molecules in air to form new molecules. The new molecules have excess energy that
they shed as heat and light as they escape in the flame. Some of them, hopefully after
cooling down, might find their way into your nose, producing the smell of the fire.
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4 Chapter 1 Molecular Reasons

A flame is composed of energetic molecules
that give off light and heat.

Carbon
dioxide
molecule

Water
Figure 1.1 The energetic mol- molecule
ecules that compose a flame form
from the reaction between the
molecules within the log and the
molecules in the air. They move
upward, away from the log, giving
off heat and light as they travel.

Yuriy Kulik/Shutterstock.com

Let’s suppose for a moment that we could see the molecules within the burning
wood—we would witness a frenzy of activity. A bustling city during rush hour would
appear calm by comparison. The molecules in the wood, all vibrating and jostling tril-
lions of times every second, rapidly react with molecules in the air. The reaction of a
single molecule with another occurs within a split second, and the newly produced mol-
ecules fly off in a trail of heat and light, only to reveal the next molecule in the wood—
ready to react. This process repeats itself trillions of times every second as the wood
burns. Yet on the macroscopic scale—the scale that we see—the process looks calm. The
wood disappears slowly, and the flame from a few good logs lasts several hours.

O Big Picture Video: m Molecular Reasons

Molecular Reasons

All that is happening around you has a molecular cause. When you write, eat, think,
move, or breathe, molecules are in action, undergoing changes that make these things
happen. The world that you can see—that of everyday objects—is determined by the
world you cannot see—that of atoms, molecules, and their interactions. Chemistry is
the science that investigates the molecular reasons for the processes occurring in our
macroscopic world. Why are leaves green? Why do colored fabrics fade on repeated
exposure to sunlight? What happens when water boils? Why does a pencil leave a
mark when dragged across a sheet of paper? These basic questions can be answered
by considering atoms and molecules and their interactions with each other.

For example, over time you might see a red shirt fade as it is exposed to sun-
light. The molecular cause is energy from the sun, which decomposes the molecules
that gave the shirt its red color. You may notice that nail polish remover accidentally

4 spilled on your hand makes your skin feel cold as it evaporates. The molecular cause
& - is molecules in your skin colliding with the evaporating molecules in the nail polish
i‘- i\z remover, losing energy to them, and producing the cold sensation. You may see that
5§ sugar stirred into coffee readily dissolves (Figure 1.2). The sugar seems to disappear

i £ in the coffee. However, when you drink the coffee, you know the sugar is still there

Chemists investigate the molecular because you can taste its sweetness. The molecular cause is that a sugar molecule
reasons for physical phenomena. has a strong attraction for water molecules and prefers to leave its neighboring
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1.3 The Scientist and the Artist 5

Sugar molecule

Figure 1.2 When sugar dissolves
into coffee, the sugar molecules mix
with the water molecules.

© Cengage

k

sugar molecules and mingle with the water. You see this as the apparent disappear-
ing of the solid sugar, but it is not disappearing at all, just mixing on the molecular
level. Chemists, by using the scientific method, investigate the molecular world;
they examine the molecular reasons for our macroscopic observations.

m The Scientist and the Artist

Science and art are often perceived as different disciplines, attracting different
types of people. Artists are often perceived to be highly creative and uninterested
in facts and numbers. Scientists, in contrast, are perceived to be uncreative and
interested only in facts and numbers. Both images are false, however, and the two
professions have more in common than is generally imagined.

We can begin to understand the nature of scientific work by studying the sci-
entific method, outlined in Figure 1.3. The first step in the scientific method is

Observation

— ) (e ) —
N/

Theory

{ Experiment -
. J Figure 1.3 The scientific method.
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What If...

Why Should Nonscience Majors Study Science?

You may be reading this book because it is required
reading in a required course. You are probably not a sci-
ence major and might be wondering why you should study
science. | propose three reasons why you should study
science, specifically because you are not a science major.
First, modern science influences culture and society in pro-
found ways and raises ethical questions that only society as a
whole can answer. For example, in the early part of this cen-
tury, scientists at a biotechnology company in Massachusetts
succeeded for the first time in cloning (making a biological
copy of) a human embryo. Their reason for cloning the em-
bryo was not human reproduction (they were not trying to
make a race of superhumans or clones of themselves) but
rather to cure and treat diseases. This kind of cloning, called
therapeutic cloning (as opposed to reproductive cloning),
holds as its goal the creation of specialized cells (called stem
cells) to be used, for example, to cure diabetes or to mend
damaged spinal cords. The potential benefits of this research
are significant, but it also carries some moral risk. Does the
benefit of curing serious disease outweigh the risk of creat-
ing human embryos? Only society as a whole can answer that
question. If our society is to make intelligent decisions on is-
sues such as this, we, as citizens of that society, should have a
basic understanding of the scientific principles at work.
Second, decisions involving scientific principles are often
made by nonscientists. Politicians are generally not trained
in science, nor are the people electing the politicians.
Yet politicians make decisions concerning science policy,
science funding, and environmental regulation. A clever
politician could impose unsound scientific policy on an
uninformed electorate. For example, Adolf Hitler proposed
his own versions of Nazi genetics on the German people.

He wrongly proposed that the Aryan race could make it-
self better by isolating itself from other races. According to
Hitler, Aryans should only reproduce with other Aryans to
produce superior human beings. However, any person with
a general knowledge of genetics would know that Hitler
was wrong. Excessive inbreeding actually causes genetic
weaknesses in a population. For this reason, purebred dogs
have many genetic problems, and societal taboos exist for
intrafamily marriages. History demonstrates other exam-
ples of this sort of abuse. Agriculture in the former Soviet
Union still suffers from years of misdirected policies based
on communistic ideas of growing crops, and South America
has seen failures in land use policies that were scientifically
ill informed. If you are at all interested in the sustainabil-
ity of our planet, you need to have a basic understanding
of science so that you can help make intelligent decisions
about its future.

Third, science is a fundamental way to understand the
world around us and therefore reveals knowledge not
attainable by other means. Such knowledge will deepen
and enrich your life. For example, an uninformed observer
of the night sky may marvel at its beauty but will probably
not experience the awe that comes from knowing that even
the closest star is trillions of miles away or that stars produce
light in a process that could only start at temperatures ex-
ceeding millions of degrees. For the uninformed, the world
is a two-dimensional, shallow place. For the informed, the
world becomes a deeper, richer, and more complex place. In
chemistry, we learn about the world that exists behind the
world we see, a world present all around us and even inside
of us. Through its study we are better able to understand our
world and better able to understand ourselves.

J

the observation or measurement of some aspect of nature. This may involve only
one person making visual observations, or it may require a large team of scientists
working together with complex and expensive instrumentation. A series of related
observations or measurements may be combined to formulate a broadly applicable
generalization called a scientific law. As an example, consider the work of Antoine
Lavoisier (1763-1794), a French chemist who studied combustion, a type of chemical
reaction. Lavoisier carefully measured the weights of objects before and after burn-
ing them in closed containers. He noticed that the initial weight of the substance
being burned and the final weight of the substances that were formed during burn-
ing were always equal. As a result of these observations, he formulated the law of
conservation of mass, which states the following:

In a chemical reaction matter is neither created nor destroyed.

Unfortunately, Lavoisier was part of the establishment at a time when the est-
ablishment was extremely unpopular. He was guillotined in 1794 by French
revolutionists. His controlled observations, however, led to a general law of nature
that applies not only to combustion but also to every known chemical reaction.
The burning log discussed in the opening section of this book, for example, does
not disappear into nothing; it is transformed into ash and gas. The weight lost by

NYPL/Science Source

Antoine Lavoisier, also known as the
father of modern chemistry.
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1.3 The Scientist and the Artist

the log while burning and the weight of the oxygen that it reacted with exactly
equal the weight of the ash and gas formed. Laws like these do not automatically
fall out of a series of measurements. The measurements must be carefully controlled.
But then the scientist must be creative in seeing a pattern that others have missed
and formulating a scientific law from that pattern.

Scientific laws summarize and predict behavior, but they do not explain the
underlying cause. A hypothesis is an initial attempt to explain the underlying
causes of observations and laws. A hypothesis is a tentative model (educated by
observation) that is then tested by an experiment, a controlled observation specifi-
cally designed to test a hypothesis. One or more confirmed hypotheses (possibly
with the additional support of observations and laws) may evolve into an over-
arching model of reality called a theory. A good theory often predicts behavior
far beyond the observations and laws from which it was formulated. For example,
John Dalton, an English chemist, used the law of conservation of mass along with
other laws and observations to formulate his atomic theory, which asserts that all
matter is composed of small particles called atoms. Dalton took a creative leap

from the law of conservation of mass to a theory about atoms. p- His ingenuity led The atomic theory is
to a theory that explained the law of conservation of mass by predicting the exis- described in more detail
tence of microscopic particles, the building blocks of all matter. in Section 1.9.
v Self-Check 1.1
You can find the answers to
A chemist observes the behavior of a gas by filling a balloon and measuring its Self-Check questions at the
volume at different temperatures. After making many measurements, he con- end of the chapter.

cludes that the volume of a gas always increases with increasing temperature. The
chemist's conclusion is best classified as an:

a. observation b. law
c. theory

The Scientific Method

Suppose you are an astronomer mapping the galaxies in the sky for the very first
time. You discover that all galaxies are moving away from Earth at high speeds. As
part of your studies, you measure the speed and distance from Earth of a number
of galaxies. Your results are shown here.

Distance from Earth Speed Relative to Earth
5.0 million light-years 600 miles/second (mi/s)
8.4 million light-years 1000 mi/s

12.3 million light-years 1500 mi/s

20.8 million light-years 2500 mi/s

Formulate a law based on your observations.
Because laws summarize a number of related observations, you can formulate
the following law from the tabulated observations:

The farther away a galaxy is from Earth, the faster its speed.

Devise a hypothesis or theory that might explain the law.

You may devise any number of hypotheses or theories consistent with the pre-
ceding law. Your hypotheses must, however, give the underlying reasons behind
the law. One possible hypothesis:

(continued)
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Chapter 1 Molecular Reasons

Earth has a slowing effect on all galaxies. Those galaxies close to Earth expe-
rience this effect more strongly than those that are farther away and there-
fore travel more slowly.

Another possible hypothesis:

Galaxies were formed in an expansion that began sometime in the past and
are therefore moving away from each other at speeds that depend on their
separation.

What kinds of experiments would help validate or disprove these hypotheses?
For the first hypothesis, you might devise experiments that try to measure the
nature of the slowing effect that Earth exerts on galaxies. For example, the
force responsible for the slowing may also affect the Moon’s movement,
which might be measured by experiment. For the second hypothesis, experi-
ments that look for other evidence of an expansion would work. For example,
you might try to look for remnants of the heat or light given off by the
expansion. Experimental confirmation of your hypothesis could result in the
evolution of the hypothesis into a theory for how the universe came to exist
in its present form.

Finally, like a hypothesis, a theory is subject to experiments. A theory is valid
if it is consistent with, or predicts the outcome of, experiments. If an experiment is
inconsistent with a particular theory, that theory must be revised, and a new set of
experiments must be performed to test the revision. A theory is never proved, only
validated by experimentation. The constant interplay between theory and experi-
ment gives science its excitement and power.

The process by which a set of observations leads to a model of reality is
the scientific method. It is similar, in some ways, to the process by which a
series of observations of the world leads to a magnificent painting. Like the
artist, the scientist must be creative. Like the artist, the scientist must see order
where others have seen only chaos. Like the artist, the scientist must create a
finished work that imitates the world. The difference between the scientist and
the artist lies in the stringency of the imitation. The scientist must constantly
turn to experiment to determine whether his or her ideas about the world
are valid.

The First People to Wonder About
Molecular Reasons

The Greek philosophers are the first people on record to have thought deeply
about the nature of matter. As early as 600 B.c., these scholars wanted to know
the why of things. However, they were immersed in the philosophical thought
of their day that held that physical reality is an imperfect representation of
a more perfect reality. As a result, they did not emphasize experiments on
the imperfect physical world as a way to understand it. According to Plato
(428-348 B.C.), reason alone was the superior way to unravel the mysteries
of nature. Remarkably, Greek ideas about nature led to some ideas similar to
modern ones.

Democritus (460-370 B.C.), for example, theorized that matter was ultimately
composed of small, indivisible particles he called atomos, or atoms, meaning “not
to cut.” Democritus believed that if you divided matter into smaller and smaller
pieces, you would eventually end up with tiny particles (atoms) that could not
be divided any further. He is quoted as saying, “Nothing exists except atoms
and empty space; everything else is opinion.” Although Democritus was right by
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1.6 The Beginning of Modern Science 9

modern standards, most Greek thinkers, especially Aristotle and Plato, rejected his
atomistic viewpoint.

Thales (624-546 B.c.) reasoned that any substance could be converted into any
other substance, so that all substances were in reality one basic material. Thales
believed that the one basic material was water. He said, “Water is the principle,
or the element of things. All things are water.” Empedocles (490-430 B.C.), on
the other hand, suggested that all matter was composed of four basic materials
or elements: air, water, fire, and earth. This idea was accepted by Aristotle (384~
321 B.C.), who added a fifth element—the heavenly ether—perfect, eternal, and in-
corruptible. In Aristotle’s mind, the five basic elements composed all matter, and
this idea reigned for 2000 years.

m Immortality and Endless Riches

The predecessor of chemistry, called alchemy, flourished in Europe during the Mid-

dle Ages. Alchemy was a partly empirical, partly magical, and entirely secretive

pursuit with two main goals: the transmutation of ordinary materials into gold and

the discovery of the “elixir of life,” a substance that would grant immortality to

any who consumed it. In spite of what might today appear as misdirected goals, al-

chemists made some progress in our understanding of the chemical world. Through

their obsession with turning metals into gold, they learned much about metals.

They were able to form alloys—mixtures of metals—with unique properties. They Alchemists sought to turn ordinary

also contributed to the development of laboratory separation and purification tech- materials into gold and to make ‘the
elixir of life," a substance that would

niques that are still used today. In addition, alchemists made advances in the area grant immortality.

of pharmacology by isolating natural substances and using them to treat ailments.

Because of the mystical nature of alchemy and the preoccupation with secrecy, how-

ever, knowledge was not efficiently propagated, and up to the sixteenth century,

progress was slow.

The Granger Collection, NYC

m The Beginning of Modern Science

The publication of two books in 1543 marks the beginning of what is now called
the scientific revolution. The first book was written by Nicholas Copernicus
(1473-1543), a Polish astronomer who claimed that the Sun was the center of
the universe. In contrast, the Greeks had reasoned that Earth was the center of the
universe, with all heavenly bodies, including the Sun, revolving around Earth.
Although complex orbits were required to explain the movement of the stars
and planets, the Earth-centered universe put humans in the logical center of the
created order. Copernicus, by using elegant mathematical arguments and a
growing body of astronomical data, suggested exactly the opposite—the Sun
stood still and Earth revolved around it. The second book, written by Andreas
Vesalius (1514-1564), a Flemish anatomist, portrayed human anatomy with
unprecedented accuracy.

The uniqueness of these books was their overarching emphasis on observa- Galileo Galilei expanded on Copernicus's
tion and experiment as the way to learn about the natural world. The books were ideas of a Sun-centered rather than an
revolutionary, and Copernicus and Vesalius laid the foundation for a new way to Earth-centered universe.
understand the world. Nonetheless, progress was slow. Copernicus’s ideas were not
popular among the religious establishment. Galileo Galilei (1564-1642), who con-
firmed and expanded on Copernicus’s ideas, was chastised by the Roman Catholic
Church for his views. Galileo’s Sun-centered universe put man outside of the geo-
metric middle of God’s created order and seemed to contradict the teachings of
Aristotle and the Church. As a result, the Roman Catholic Inquisition forced Galileo
to recant his views. Galileo was never tortured, but he was subject to house arrest
until he died.

The Granger Collection, NYC
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