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].] The Scope of Chemistry

® chemisiry

* orgonic chemistry

* inorgonic chemistry
* biochemigry

* analytical chemistry
¢ physical chemistry
* pure chemistry

* applied chemistry

Figure 1.1 Matter Around You

Everything oround you is mode
of matter. d\eﬂmh'yy‘:: the study
of matter und the chonges that

maotter undergoes,

Infer What changes in matter
do you think are happening in
this photo?

Q: Why might this creature interest you if you were a chemist? Fugu, also
known as puffer fish, is a sushi delicacy that can also be lethal, Puffer fish
contain a powerful toxin that can kill an adult a few hours after ingestion,
Sushi chefs who prepare fugu must be specially trained because any contami-
nation of the toxin-free areas of the fish can be deadly. Recently this toxin has
been put to good use, as scientists have discovered that a purified form of it
can treat severe pain in cancer patients,

What Is Chemistry?

Why is the scope of chemistry so vosf?

Look around vou. This book you are reading, the chair you sit in, and the
computer you use are all made of matter, Matter is the general term for all the
things that can be described as materials, or “stuff.” Matter is anything that
has mass and occupies space. The trees, the water, :ndthebmldmyyousu
in Figure 1.1 are all examples of matter. However, you don't have to bﬂﬂe to
see something for it to qualify as matter. The air you breathe is mm:nﬁe of
matter that vou cannot see with the naked eve.

Have you ever wondered how some creatures can survive deep in the
ocean where there is no light? Why some foods taste sweet and some taste bit-
ter? Chemistry answers these questions and the many other questions you |
may have about the world you live in. Chemistry is the study of the composi- |
tion of matter and the changes that matter undergoes. Chemistry affects "
all aspects of life and most natural events because all living and nonliving
things are made of matter. Chemistry is also known as the central science,
because it is fundamental to the understanding of the other sciences.

Areas of Study

What are five troditional areas of study in chemistry?

The scope of chemistry is vast, so individual chemists tend to focus on
one area of study. Five traditional areas of study are organic chem-
istry, inorganic chemistry, biochemistry, analytical chemistry, and
physical chemistry,

Learn more about the

areas of chemistry onlin

D,
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Chemistry




Pearson Text

3 pl\dosynﬂmlsnBus Ani

Chemistry

Chapter 1

Most chemicals found in organisms contain carbon. Therefore, organic
chemistry was originally defined as the study of the carbon-based chemicals
found in organisms. Today, with few exceptions, organic chemistry is defined
as the study of all chemicals containing carbon. The study of chemicals that,
in general, do not contain carbon is called inorganic chemistry. Many inor-
ganic chemicals are found in non-living things, suchps rocks. The study of
processes that take place in living organisms is bd'mlﬂ'y These processes
include muscle contraction and digestion. The area of study that focuses on
the composition of matter is analyfical chemistry. A task that would fall into
this area of chemistry is measuring the level of carbon dioxide in the atmo-
sphere. Physicol chemistry is the area that deals with the mechanism, rate,
and energy transfer that occurs when matter undergoes a change,

The boundaries between the five areas are not firm. A chemist is likely to
be working in more than one area of chemistry at any given time, For exam-
ple, an organic chemist uses analytical chemistry to determine the com-
position of an organic chemical. Figure 1.1 shows examples of the types of
research different chemists do.

Some chemists do research on fundamental aspects of chemistry. This
type of research is sometimes called pure chemistry. Pure chemistry is the
pursuit of chemical knowledge for its own sake. The chemist doesn’t expect
that there will be any immediate practical use for the knowledge, However,
most chemists do research that is designed 1o answer a specific ques-
tion. Applied chemisiry is research that is directed toward a practical goal
or application. In practice, pure chemistry and applied chemistry are often
linked. Pure research can lead directly to an application, but an application
can exist before research is done to explain how it works.

Lac

Aplvml heenist might study
chemist

thot affect the rote of Inorganic Chemistry
narganic chemist might

develop metal materials that
ravide strang structural parts
iw buildings.

An organic chemist
develop new l»gh

s mEr plostics
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S ITH DA
Q: Why would you study a
puffer fish if you were a bio-
chemist? If you were an organic
chemist?

Analytical Chemistry

An analytical chemist might
test the air for the presence
of pollutants.

|

M Biochemistry

A bicchemist might study

how the energy used for
contraction of muscles

is produced ond stored.
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Figure 1.2 Big Ideas
The big ideas in chemistry can help you
understond the world oreund yeu. For
exomple, oll motter is made up of atoms,
which are held together in compounds
by chemical bonds. The fire & o result of
a chemicol reaction between the carbon-
confaining compounds in the weod and
the oxygen in the oir. The fire gives off
energy in the form of heat ond light. The
us particles in the air areund the fire

in o move foster as the air heats up.
Predict Marshmallows are mode up
of mostly sugar, o corbon-confaining
compound. What do you think happens
when the sugar is heated by the fire?
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Big Ideas in Chemistry
U= What are the central themes of chemistry?

This book contains many ideas in the science of chemistry. One of the
goals of your course in chemistry is to help fwu understand these ideas
50 vou can use them to explain real situation®Xhat you may encoun

ter in your life, such as the one shown in Figure 1.2, Fortunately, most
of the topics of interest in chemistry are connected by a relatively few
organizing principles, or “big ideas.” U Some of chemistry’s big
ideas are as follows: chemistry as the central science, electrons and
the structure of atoms, bonding and interactions, reactions, kinetic
theory, the mole and quantifying matter, matter and encrgy, and
carbon chemistry.

BIGIDEA Chemistry As the Central Science Chemistry overlaps
with all of the other sciences. Many physicists, biologists, astrono-
mers, geologists, environmental scientists, and others use chemistry
in their work.

BIGIDEA Electrons and the Structure of Atoms Carbon, oxy-
gen, and copper are all examples of elements. Elements are composed
of particles called atoms, and every atom contains a nucleus and one
or more clectrons. The type of products obtained in a chemical reac-
tion is largely determined by the electrons in the reacting chemicals,

BIGIDEA Bonding and Interactions Most elements exist in
chemical compounds, which are collections of two or more elements
held together by relatively strong attractive forces. These forces, called
chemical bonds, greatly influence the properties of compounds.
Weak bonds between the particles of an element or compound can
also contribute to the properties of the material,
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BIGIDEA Reactions Chemical reactions involve processes in which
reactants produce products. When you strike a match, the compounds in
the head of the match combine with oxvgen in the air to produce a flame,
New compounds, along with light and heat, are formed. The compounds in
the match head and oxygen are the reactants, and the new compounds are
the products. Chemical reactions are important to the chemistry of living
and nonliving things.

BIGIDEA Kinetic Theory The particles in matter are in constant
motion. The ways in which these motions vary with changes in temperature
and pressure determine whether a substance will be a solid, liquid, or gas.

BIGIDEA The Mole and Quantifying Matter In many aspects of
chemistry, it is vital to know the amount of material with which you are
dealing. In conducting a chemical reaction, you would want to use just
the right amount of the reacting material so none is wasted. This
measurement is possible using the mole, the chemist’s invaluable unit
for specifving the amount of material. Other concepts in chemistry
also rely on the mole unit,

BIGIDEA Matter and Energy Every chemical process uses or
produces energy, often in the form of heat. The heat changes
that occur in chemical reactions are easy to measure,
Changes in a quantity called free energy allow you to
predict whether a reaction will actually occur under the
given conditions.

BIGIDEA carbon Chemistry There are about

10 million carbon-containing compounds, with new
ones being prepared each day. Many of these compounds,
including plastics and synthetic fibers, are produced from
petroleum. Carbon compounds are the basis of life in all
living organisms.

' ] .] LessonCheck

1. (3 Explain Why does chemistry 6. Apply Concepts Workers digging a tunnel through a
affect all aspects of life and most city find some anclent pots decorated with geometric
natural events? designs. Which of the following tasks might they ask a

2. List Name the five traditional areas chemist to do? Explain.

a. Determine the materials used to make the pots,
b. Explain what the designs on the pots represent.
¢. Recommend how to store the pots to prevent further

into which chemistry can be divided.
3. Review Whatare the “big ideas” of

chemistry? ditiags
4, Describe What is the relationship
between pure and applied chemistry? BIGIDEA CHEMISTRY AS THE CENTRAL SCIENCE
5. Infer Why might a geologist ask an 7. Why would a student who wants to be a doctor need to
analytical chemist to help identify the study chemistry?

minerals in a rock?
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].2 Chemistry and You

Key Questions
reasons fo study chemisiry?

Ll What are some oufcomes of
modern research in chemistry?

Vocabulary

* technology

Figure 1.3 Chemisiry and Food
Whan cut apples ore expesed fo
air, a chemical reactian tokes ploce,
which cowses the colar to chonge

1o brown,

& Chapter 1 # Lesson 2
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Q: How is chermistry used to study worlds other than your pwn? The Hubhle
Space Telescope has provided detailed views of celestial objects, Scientists
whio know chemistry have also used the telescope to discover water and com-
pounds containing carbon on a planet located 63 light years from Earth.
Such compounds are necessary for life on Earth. However, the planet, desig-
nated HDMEY733b, is much too hot to support lite. Perhaps the Hubble Space
Telescope or its successors will someday be used to find evidence of life on
planets with atmospheres more like that of Earth,

Why Study Chemistry?

What are three general reasons fo study chemisiry?

You may not realize it, bur chemistry can answer many questions you have
about the world around vou. Should you nse hot water or cold water to
remove a grass stain from a shirt? How could you prepare for a career in nurs-
ing, firefighting, or journalism? If your local government wanted to build a
solid waste incinerator in vour town, what gquestions would yvou ask about the
project? Lamd Chemistry can be useful in explaining the natural world, pre-
paring people for career opportunities, and producing informed citizens.

Expluining the Matural Wordd You were born with a curiosity about your
world, Chemistry can help you satisfy vour natural desire to understand how
things work. For example, chemistry can be seen in all aspects of food prep-
aration. Chemistry can explain why cut apples, such as the one shown in
Figure 1.3, turn brown tpon exposure to air. [t can explain why the texture
of epps changes from runny to firm as egges are boaled. Chemistry can explain
why water expands ag it freezes, why sugar dissolves faster in hot water than
in cold water, and why veast makes bread dough rise, After vou study this
textboak, you will know the answers to these questions and many more,

Preparing for a Career Being a chemist can be rewarding. Chemists con-
tribute to society in many ways, In this book, vou will find features on careers
that require knowledge of chemistri. Some of the choices may surprise you.
You do not need to have the word cherrist in vour job title to benefit from
understanding chemstry, For example, a reporter may be asked to interview
a chemist to gather background for a story, Turf managers have the important
task of keeping the grass on golf courses, lawns, and soccer fields, such as the
one shown in Figure 143, healthy, This job requires an unde*rs:aﬁd.ing of soil
chemistry. Figure 1.4b shows a firefighter, who must know which chemicals
1o nse to fight different types of fires.
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Figure 1.4 Coreers

Many coreers require o knovladge of chemistry. a. Torf managers must know how
the =0l and other conditions affect grass, b, Firefighters must chocse the correct

chemicals to extinguish different types of fires.

Infer What are some factors that may affect the health ond appearance of the

gross on a soccer field?

Being an Informed Citizen Industry, private founda-
tions, and the federal and state governments all provide
funds for scientific research, The availability of funding
can influence the direction of research, Those who dis
tribute funds have to balance the importance of a goal
against the cost. Areas of research often compete for
funds because there is limited money available,

For example, space exploration research could not
take place without federal funding. Critics argue that
the money spent on space exploration would be bet-
ter spent on programs such as cancer research, Those
who support space exploration point out that NASA
research has led to the development of many items
used on Earth, These include smoke detectors, scratch-
resistant plastic lenses, heart monitors, and flat-screen
televisions, What if all the money spent on space explo-
ration was used to find a cure for cancer? Are there
enough valid avenues of research to take advantage of
the extra funding? Would there be qualified scientists
to do the research?

Like the citizen shown in Figure 1.5, vou will need
1o make choices that will influence the direction of sci-
entific research. You may vote directly on some issues
through ballot initiatives or indirectly through the offi-
cials you elect. You may speak at a public hearing, write
a letter to the editor, or sign a petition. When it comes
to scientific research, there is no one correct answer.
However, knowledge of chemistry and other sciences
can help you evaluate the data presented, arrive at an
informed opinion, and take appropriate action,

Chemistry 7

Figure 1.5 Voting

Through voting, citizens hove o say in the decisions their
government makes. Those decisions include how much
maney to provide for scientific research.

Introduction to Chemistry 7
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InterpretGraphs

Figure 1.6 Plastics pockoging includes Plastics Packoggng in U.S. Waste
drink and water mmk and waler h:

jugs, and ather plosfic containars,

a. Read Graphs How much plasfics

pockeging wos in LS, woshe in 20077

b. Calculate How much more phassics

packaging was in L5, washe in 2000 then

in 19907

€. Predict Do you think thot the omeunt of

plustics packoging in U5, woaste will incrense

or decreass in the next 10 years? Explain.

Hote: The amount of plastics
packaging in U5, wanste
includes plastics packaging
that is to be recycled.

Chemistry, Technology, and Society
What are some oulcomes of modern research in chemisfry?

You have probably heard the term high tech used when describing the latest
gadgets and inventions, such as computers that are the size of vour watch, or
cars that can drive themselves. However, yvou may not realize that many of
the basic items you use every day, such as the sneakers you wear or the cereal
vou eat, are products of technology. Technology is the means by which a soci-
ety provides its members with those things needed and desired. Technology
allows humans to do some things more quickly or with less effort, It also
allows people o do things that wonld be otherwise impossible, such as trav-
eling to the moon. U5 Modern research in chemistry can lead to technol-
ogies that aim to benefit the environment, conserve and produce energy,
improve human life, and expand our knowledge of the universe.

Materials and the Environment Chemists don't just study matter—they
also use what they know about the structure and properties of matter to make
new materials with different or improved properties, Take plastics, for exam-
ple. If vou have ever consumed bottled water, eaten a salad with a disposable
fork, or put on vour helmet before riding vour bike. vou have used plastics.
Chemistry has played a large role in developing plastics for different nses.
Most plastics are made using petrochemicals, which are chemical prod-
ucts derived from petroleum. Although plastics are a part of most of our daily
lives, there is concern that their use is taking a toll on the environment and
on natural resources, The supply of petrochermicals is limited, and the manu-
facture of plastics uses large amonnts of energy. Unrecveled plastics end up
in landfills, where thev remain for hundreds of vears, Figure 1.6 shows the
amount of plastics packaging in U5 waste. Understandably, there has been a
demand for plastics that are better for the environment. Figure 1.7 describes a
new technology that offers an alternative to petroleum-based plastics.

& Chapter | » Lessan 2
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Energy The needs of any modern society require energy to power homes,
factories, and transportation. With population growth and more industrial-
ization around the globe, the demand for energy is on the rise. There are only
two ways to meet the demand for energy—consegye it or produce more of it.
Chemistry plays an essential role in both of thcs&tions.

Gasoline-electric hybrid cars play a substantial role in the conservation
of energy. They have greater fuel efficiencies than gasoline-powered vehicles.
Hybrids use both a gasoline engine and a set of batteries to run the car. A
knowledge of chemistry was necessary to develop these batteries, [n an effort
to produce more energy, sustainable energy sources are important to consider.
Unlike fossil fuels, the sun is a renewable energy source. Chemists help design
materials that collect energy from the sun that is then converted to electricity.

Medicine and Biotechnology Chemistry supplies the medicines, materi-
als, and technology that doctors use to treat their patients, Biochemists work
with biologists and doctors to understand the structure of matter found in the
human body and the chemical changes that occur in cells,

There are more than 10,000 prescription drugs, which have been
designed to treat various conditions including infections, high blood pres-
sure, and depression. Other drugs, such as aspirin and antacids, can be sold
without a prescription. Many drugs are effective because they interactin a
specific way with chemicals in cells. Chemists who develop these drugs must
have knowledge of the structure and function of these target chemicals in
order to design safe and effective drugs, Chemistry can also develop materials
to repair or replace body parts, Diseased arteries can be replaced with plas-
tic tubes. Artificial hips and knees made from metals and plastics can replace
worn-out joints and allow people to walk again without pain.

Figure 1.8a shows a model of a small piece of DNA. Segments of DNA,
called genes, store the information that controls changes that take place in
cells, Biotechnology applies science to the production of biological products
or processes. [t uses techniques that can alter the DNA in living organisms,

It may depend on the transfer of genes from one organism to another. When
genes from humans are inserted into bacteria, the bacteria act as factories
that produce chemicals of importance to humans, such as insulin. Production
takes place in large versions of the bioreactors shown in Figure 1.8b.

Figure 1.8 Biotechnology

The discovery of the structure

of DNA led to the development
of bictechnelogy. a. This
computer grophics model shows
o small segment of DNA_ b. The
conditions in o bicreactor
are controlled so thot the
bacterio preduce as
much of the product
as pessible.

10 Chapter 1 © Lesson 2
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The Universe Scientists assume that the methods used to study Earth can
be applied to other objects in the universe. To study the universe, chemists
gather data from afar and analyze matter that is brought back to Earth,

[n the early 1800s, scientists began to study the composition of stars by
analyzing the light they transmitted to Earth, In 1868, Pierre Janssen discov-
ered a gas on the sun's surface that was not known on Earth. Joseph Norman
Lockyer named the gas helium from the Greek word helios, meaning “sun.” In
1895, William Ramsay discovered helium on Earth.

The moon and the planets do not emit light, so scientists must use other
methods to gather data about these objects. The methods used depend on
matter brought back to Earth by astronauts or on probes that can analyze
matter in space. Chemists have analvzed more than 850 pounds of moon
rocks that were brought back to Earth, The rocks were similar to rocks
formed by volcanoes on Earth, suggesting that vast oceans of molten lava
once covered the moon’s surface. Figure 1.9 is a drawing of the robotic vehicle
Opportunity. The vehicle was designed to determine the chemical composi-
tion of rocks and soil on Mars. Data collected at the vehicle’s landing site indi-
cated that the site was once drenched with water.

Intro to Chemistry

Figure 1.9 Spoce Explorafion
With belp fram NASA, chemists
study matter from other bodies
in the solar system. This drawing
shows the robotic vehicle
Opportunity on the surfoce

of Mars.

Q: How can chemistry be
used to find evidence of life on
other plancts?

O, ]2 LessonCheck

.0,

8. C3) List What are three reasons for studying
chemistry?
9. T3 Review How has modern research in
chemistry impacted societv?
10. Describe How do chemists study the universe?

11, Form an Opinion Do the advantages of sub-
stituting the bioplastic PLA for conventional
plastics outweigh the disadvantages? Would you
use products made out of PLA? Why or why not?

Chemistry 10

12. Exploin How can a knowledge of chemistry help
you be a more informed citizen?

BIGIDEA
CHEMISTRY AS THE CENTRAL SCIENCE

13. A friend tells you that she doesn't think it is
important to learn chemistry. What would be
your response?

Introduction to Chemistry 11
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].3 Thinking Like a Scientist

CHEMISTRY .~ YOU

Q: How do you think Alexander Fleming tested his hypothesis? In 1928,
Alexander Fleming, a Scottish scientist, noticed that a bacteria he was study-
ing did not grow in the presence of a yellow-green mold. Other scientists had
made the same observation, but Fleming was the first to recognize its impor-
tance. He assumed that the mold had released a chemical that prevented the
growth of the bacteria, That chemical was penicillin, which can kill a wide
range of harmful bacteria.

Key Questions N y
(2 How did lavoisiorhelp o A Experimental Approach to Science
A Ry L How did Lavoisier help fo transform chemistry?
What are the steps in the e )
scientific method? I:.e \\I'ord clhclzmzsf‘ry comes fi n‘)'m. the word a‘l(::itm)'. Long Mn%w lh:(;c w:ym
8 chemists, alchemists were studying matter. Alchemy arose independently in

Wbatrole d° M’”" many regions of the world, It was ;Emcticed in China and India as early as

X commm? fion play in 400 B.c. In the eighth century, Arabs brought alchemy to Spain, and from

there it spread quickly to other parts of Europe.

Vocabulary You may have heard that alchemists were concerned with searching for a
o scientific method way to change other metals, such as lead, into gold. Although alchemists did
o RS not succeed with this quest, the work thev did spurred the development of
o hypothesis chemistry. Alchemusts developed the tools and techniques for working with
® experiment chemicals, For example, alchemists developed processes for separating mix-
* independent varicble tures and purifying chemicals, They designed equipment that is still used
* dependent voriable today, including beakers, flasks, tongs, funnels, and the mortar and pestle,
¢ model which is shown in Figure L10. What they did not do was provide a logical set
* theory of explanations for the changes in matter that they observed. Chemists would

* scientific law

Figure 1.10 Mortor and Pestle

Phamecists still vse o bowl-shoped mortar ond
chubsshaped peste to mix drugs for patients, The
mortar and pestle in this photogroph are made of
porcedain, which is o hord meteri

Infer What may be some other uses of a morfar

and pestle?

14 Chepter 1 © lesson 3
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accomplish that task many years later.
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By the 1500s in Europe, there was a shift from alchemy to science. Science
flourished in Britain in the 1600s, partly because King Charles Il was a sup-
porter of the sciences, With his permission, some scientists formed the Royal
Society of London for the Promotion of Natural Knowledge, The scientists
met to discuss scientific topics and conduct experiments, The society’s aim
wiis to encourage scientists to base their conclusions about the natural world
on experimental evidence, not on philosophical debates.

In France, Antoine-Laurent Lavoisier did work in the late 1700s that
would revolutionize the science of chemistry. (s Lavoisier helped to trans-
form chemistry from a science of observation to the science of measure-
ment that it is today. To make careful measurements, Lavossier designed a
balance that could measure mass to the nearest 0,0005 gram.

One of the many things Lavoisier accomplished was to settle a long-

standing debate about how materials burn, The accepted explanation was that Figure 1.11 Anfoine Lavoisier
materials burn because they contain phlogiston, which is released into the air This portrait of Antoine Lovoisier
as a material burns. To support this explanation, scientists had to ignore the and his wife Marie Anne wos
evidence that metals can gain mass as they burn. By the time Lavoisier did painted by Jocques Louis David
his experiments, he knew that there were two main gases in air—oxygen and in 1788,

nitrogen. Lavoisier was able to show that oxygen is required for a material to
burn. Lavoisier’s wife Marie Anne, shown in Figure 111, helped with his sci
entific work, She made drawings of his experiments and translated scientific
papers from English,

The Scientific Method

a9 Whot are the steps in the

scienfific method?

Scientists have a powerful tool that they use to
produce valuable results. Like all scientists, the
biochemist shown in Figure 1.12 is using the
scientific method to solve difficult problems.
The scientific method is a logical, systematic
approach to the solution of a scientific prob-
Jem. Lam? Steps in the scientific method include
making observations, proposing and testing
hypotheses, and developing theories.

Making Observations The scientific method
is useful for solving many kinds of problems.
Suppose vou try to turn on a flashlight and
you notice that it does not light. When you use
vour senses to obtain information, you make
an observation. An observation can lead toa
question: What is wrong with the flashlight?

Figure 1.12 Observing With

a Microscope

Observation is on essenticl step in
the scientific method.

Introduction 1o Chemistry 15
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Figure 1.13 Computer Models
This scienist is using o compiiler fa madel
complex moleculas, which are difficult to

shuchy with experiments alane.

madels online.

El,'t,-.
2 See scienfific
-‘_!;,'" :I
am
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Testing Hypotheses If you guess that the batteries in the
flashlight are dead, vou are making a hyvpothesis, A h',rp-u‘l'lasls
is 2 proposed explanation for an observation, You can test your
hypothesis by putting new batteries in the flashlight. Replacing
the batterics is an expenment, a procedure that is used to test
a hypothesis. If the flashlight lights~ou can be fairly certain
that vour hvpothesis was troe, Whatdf the flashlight does not
work after you replace the batteries? A hypothesis is aseful only
if it accounts for what is actually observed, When experimental
data does not fit 2 hypothesis, the hypothesis must be changed,
A new hypothesis might be that the light bulb is burnt oot An
experiment to test this new hypothesis is to replace the bulb.

When you design experiments, vou deal with variables,
or factors that can change. The variable that you change dur-
ing an experiment is the independent variable, also called
the manipulated variable, The variable that is observed dur
ing the experiment is the dependent variable, also called the
responding variable, If you keep other factors that can affect
the experiment from changing during the experiment, vou
can relate any change in the dependent variable o changes in
the independent variable. For the results of an experiment to
be accepted, the experiment must produce the same result no
miatter how manmy times it is repeated, or by whom, This is why
scientists are expected to publish a description of their proce
dures along with their results,

Sometimes the experiment 2 scientist mist perﬁurm 10 fest
a hypothesis is difficult or impossible. For example, atoms and
molecules, which are some of the smallest units of matter, can-
not be easily seen. In these situations, scientists often turn to
models to gzin more understanding of a problem. A model is
a representation of an object or event, Figure 1.13 shows a sci
entist working with computer models of complex biolegical
molecules. Chemists may also vse models to study chemical
reactions and processes,

experimenial daka,

Figure 1.14 The Scientific Miethod

The steps in the scientific methad do net
hove fo occur in the order shown
Compaore and Contrast How ore o
hypothesis and o theary similar? How
are they different?

16 Chapter 1 # Lasson 3
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Developing Theories Figure 1.14 shows how the steps of the scientific
method fit tegether. Once a hypothesis meets the est of repeated
experimentation, it may be raised to a higher level of ideas, It may become
a theory. A theory is a well-tested explanation for a broad set of obser-
vations. Some of the theories in chemistry are very useful becanse they
help vou ferm mental pictires of obpects or processes that cannot be seen.
Other theories allow vou to predict the behavior of matter,

W hen scientists say that a theory can never be proved, they are not
saying that a theory is unreliable. They are simply leaving open the possi-
bility that a theory may need to be changed at some point in the fumre to
explain new ohservations or experimental results,

Scientific Laws Figure 1.14 shows how scientific experiments can lead to
laws as well as theories. A Sei beovws is a concise statement that sum
manzes Lhe results of many observations and experiments. In Chapter 14,
vou will study laws that describe how gases behave, One law describes the
relationship between the volume of a gas in a container and its tempera-
ture. If all other variables are kept constant, the volume of the gas increases
as the temperature increases. The law doesn’t try to explain the relation-
ship it describes. That explanation requires a theory.

Intro to Chemistry

Q¢ What was Alexander Fleming's
Hypathesis? How could ke test his
Hyportesis?

[

" QuickLab )

Purpose To test the hypoth- EUI:}HES!

~

esis that bubble making can be

aﬁeitedbht}?_ﬁdir!g sug;rtl:-rsah Procedure m

10 i BUbble-bloWIng MIXWFE 9 1 abel three drinking caps 1, 2, and 3.
Materials Measure and add one reaspoon of liguid
= 3 plastic drinking cups dish detergent to each cup.

. 2. Use the measuring cup to add two-
. ng cup and spoons thirds cup of water to each drinking cup.

» liquid dish detergent Then swirl the cups to form a clear mixture.
* water CAUTION Wipe up any spills immediately
« table sugar so hat we e will slipg and full,

« table salt 3. Add a half teaspoon of @mble sugar 1o

cup 2 and a half teaspoon of table salt to
cup 3. Swirl each cup for one minute.

4, Dip the drinking straw into
cup 1, remone it, and blow gently
into the straw to make the largest
bubble vou can, Practice making
bubbles until you feel you have
reasonable control over your bub-
ble production,

5. Repeat Step 4 with the mix-
tures in cups 2 and 3,

Analyze and Conclude

using the mixtures in cup 1 and cup 28

using the mixtures in cup 1 and cup 37

1. Observe Did you observe any differences in your ability to produce bubbles
2, Observe Did you abserve any differences in your ability to produce bubbles

3. Drow Conclusions What can vou conclude about the effects of table sugar
and table salt on your ability to produce bubblest

4, Design an Experiment Propose another hypothesis related to bubble mak-
ing. Design an experiment to test your hypothesis,

.
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Collaboration and Communication
What role do collaboration and communication play in science?

No matter how talented the players on a team may be, pne player cannot
ensure victory for the team. Individuals must collabor],», or work together,
for the good of the team. Think about the volleyball players in Figure L15. In
volleyball, the person who spikes the ball depends on the person who sets the
ball. Unless the ball is set properly, the spiker will have limited success, Many
sports recognize the importance of collaboration by keeping track of assists.
During a vollevball game, the players also communicate with one another

50 it is clear who is going to do which task. Strategies that are successful in
sports can work in other fields, such as science. When scientists collabo-
rate and communicate with one another, they increase the likelihood of a
successful outcome.,

Collaboration Scientists choose to collaborate for different reasons. For

Figure 1.15 Teamwork example, some research problems are so complex that no one person could
For o volleyball team fo win, the have all the knowledge, skills, and resources 1o solve the problem, It is often
ployers must werk together. necessary to bring together individuals from different disciplines. Each sci-

entist will typically bring different knowledge and, perhaps, a different
approach to a problem. Just talking with a scientist from another discipline
may provide insights that are helpful.

There may be a practical reason for collaboration. For example, an indus-
try may give a university funding for pure research in an area of interest to
the industry, Scientists at the university get the equipment and financing
required to do the research. In exchange, the scientists provide ideas and
expertise, The industry may profit from its investment by marketing applica-
tions based on the research,

Collaboration isn't always a smooth process. Conflicts can arise about use
of resources, amount of work, who is to receive credit, and when and what to
publish. Like the students in Figure 1.16, you will likely work in pairs oron a
team in the laboratory, If so, you may face some challenges, However, you can
also experience the benefits of a successful collaboration,

Figure 1.16 Lob Portners

Working in pairs or in @ group <an
be chollenging, but it con also be
rewording

Apply Cc;ncepts What steps
in the scientific method are these
students using?

18 Chapter 1 ® Lesson 3
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Communication The way scientists communicate with each other and with
the public has changed over the centuries. In earlier centuries, scientists
exchanged ideas through letters. They also formed societies to discuss the lat-
est work of their members. When societies began to publish journals, scien-
tists could use the journals to keep up with new discoveries.
Today, many scientists, like those in Figure 1.17, work as a team. They can L}

. g : Figure 1.17 Communication
communicate face to face, They also can exchange ideas with other scientists e

. . S ’ Scientists cften get roge!her
by e .maul. t?,v phone, .aml at lq;’al gnd mlcrnal_lonal conferences, b'ucnusls still ot professional meefings ond
publish their results in scientific journals, which are the most reliable source workshops to discuss their findings
of information about new discoveries. Most journals are now published ond share ideos,

online and are readily accessible. Articles are
published only after being reviewed by experts
in the author’s field. Reviewers may find errors
in experimental design or challenge the author’s
conclusions. This review process is good for sci
ence because work that is not well founded is
ustally not published.

The [nternet is a major source of infor-
mation. One advantage of the Internet is that
anyone can get access to information, One dis-
advantage is that anyone can post information
on the Internet without first having that infor-
mation reviewed, To judge the reliability of
information you find on the Internet, vou have
1o consider the source, This same advice applies
10 articles in newspapers and magazines or the
news vou receive from television. If a media out-
let has a reporter who specializes in science,
chances are better that a report will be accurate.

] 3 LessonCheck

14. (& Review How did Lavoisier revolutionize the sci- 21. Infer Why should a hypothesis be devel-
ence of chemistry? oped before experiments take place?
15. L List Name three steps in the scientific method. 22, Compare What is the difference between a

16. L Explain Why are collaboration and communica- theory and a hypothesis

tion important in science? 23. Classify In Chapter 2, vou will learn that
matter is neither created nor destroved in
any chemical change, Is this statement a
theory or a law? Explain your answer.

17. Describe What did alchemists contribute to the
development of chemistry?

18. Explain How did Lavoisier’s wife help him to com-
municate the results of his experiments? BIGIDEA

19. Describe What process takes place before an article is CHEMISTRY AS THE CENTRAL SCIENCE

published in a scientific journalt 24. Do the steps in the scientific method always

20. Explain Why is it important for scientists to publish a need to be followed in order? Explain,
description of their procedures along with the results
of their experiments?

Introduction to Chemistry 19
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].4 Problem Solving in Ch%emistr_y

G

Figure 1.18 Problem Solving

A shopper must moke mony
decisions. Some of those decisions
are bused on datg, such gs the
information on o food label

22 Chapter 1  Lesson 4

Chemistry

Q: How does having a plan make solving problems easier? Have you ever tried
to solve a crossword puzzle? 1f so, you may have found it helpful to develop a
strategy before you begin. For example, you may try to fill in all the "down”
clues before attempting the “across” clues. Or, you may first try to complete
the fill-in-the-blank clues before moving on to the more difficult clues. In
chemistry, it is helpful to develop a strategy to solve both numeric and non-
numeric problems,

Skills Used in Solving Problems
s What is a general approach fo solving o problem?

Problem solving 1s a skill you use all the ime. You are in a supermarket. Do
you buy a name brand or the store brand of peanut butter? Do you buy the
1-liter bottle or the 2-liter bottle of a carbonated beverage? Do you choose the
express line if there are five customers ahead of vou or the non-express line
with a single shopper who has a lot of items?

When you solve a problem, vou may have a data table, a graph, or another
type of visual to refer to. The shopper in Figure 1.18 is reading the label on
a container while trying to decide whether to buy the item. She may need
to avoid certain ingredients because of a food allergy. She may also want to
know the number of Calories per serving.

The skills you use to solve a word problem in chemistry are not that dif-
ferent from those you use while shopping, cooking, or planning a party.
Effective problem solving always involves developing a plan and then

implementing that plan,

17
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Solving Numeric Problems
=) What are the steps for solving numeric problems?

Most word problems in chemistry require math because measurement, js such READING SUPPORT
an important part of chemistry. The techniques used in this book to s Build Reading Skills:
numeric problems are conveniently organized into a three-step, problem Moin Ideas Under the
solving approach., This approach has been shown to be very helpful and effec heading Solving Mumaric
tive, We recommend that you follow this approach when working en numerie Problems, there are thee
problems in this textbook. Lasl The steps for solving a numeric word mains iceas presenied o3
= : subheads. Whet are beo
problem are analyze, calculate, and evaluate. Figure 119 summarizes the s thert
three-step process, and Sample Problem L1 on the next page shows how the i o support

steps work in solving a nomeric problem.

1] Andlyze To solve a word problem, you must first determine where you
are starting from (identify what is known) and where vou are going (identify
what is inknown), What 1z known may be a measurement or an egiation that
shows a relationship between measurements. If vou expect the answer {the
unknown) o be a number, you need to determine what unit(s) the answer
should have before you do any caleulations.

After vou identify the known and the unknown, you need to make a plan
fior using what is known to arrive at the unknown. Planning is at the heart of
successful problem sobving. As part of planning, vou might draw a diagram
that helps you visnalize 2 relationship between the known and the unknown.
You might need to use a table or graph w dentify data or 1o Wdentifv a rela
tionship between a known quantity and the unknown, You may need to select
an equation that you can use to calculate the unknown,

@ Calculate 1f you make an effective plan, doing the calculations is usually
the easiest part of the process. For some problems, vou will have to convert

a measurement from one unit to another. For other problems, you may need
to rearrange an equation before vou can solve for an unknown. You will be
taught these math skills as meeded,

© Evolucte After vou calculate an answer, you should evaluate it, Is the
answer reasonable? Does it make sense? [f not, reread the word problem. Did
vou copy the data correctly? Did you choose the right equations?

Check that your answer has the correct unit(s) and the correct number
of significant figures. You may need to use scientific notation in your answer,
You will study significant figures and scientific notation in Chapter 3.

(3]

o 2]
_- Evaluate

Figure 1,19 Solving Mumeric Problems

This flewchart surmarizes the steps far sabing o numeric probbeem.
Identify In which step do yew make o plan for geting from what is
knewn fo what is unknown?

Inroduction to Chemisiry 23
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SampleProblem 1.1

Estimating Walking Time

You are visiting [ndianapolis for the first time. It is a nice day, so you decide to walk fml:?
the Indiana 5tate Capital to the Murat Centre for an afternoon performance. According to
the map in Figure 120 on the next page, the shortest route from the capital to the theater is
eight blocks, How many minutes will the trip take if you can walk one mile in 20 minutes?
Assume that ten blocks equals one mile,

(1] .ﬁ.nnlyzu List the knowns and the unknown.
This problem is an example of what is typically called a ENOWNS
conversion problem. In a conversion problem, one unit Mnba traveled = Bblocks
of measure (in this case, blocks) must be expressed in a walking speed = 1 mils/20 minutes
different unit {in this case, minutes). 1 mlle = 10 blocks
Divide the distance to be traveled {in blocks) by the
number of blocks in one mile 1o get the distance of the trip LIHEHCHN
in miles, Then multiply the number of miles by the time it Lime of trip = ? mifutes
takes o walk one mile.

@ Colculate Solve for the unknown.
;' Therelationship 1 mile = 10 blocks can be
interpreted as 1 mile per 10 blocks.” J
Divide the number of blocks to be 1 mile
troveled by the number of blocks in Blplecks X 5 Hosks 0.8 mils

one mile.

Multiply the number of miles by the 20 minutes
time it tokes to walk one mile. l o * T e 16 minuten

| MWotice how the units cancel. |
] r

-

@ Evoluate Does the result make sense? The answer seems reasonable,
16 minutes to walk eight blocks. The answer has the correct unit. The rela-
rionships used are correct,

25, There is an ice cream shop six blocks : 26. Using the information in the sample
north of your hotel. How many o problem, how many blocks can be
minutes will it take to walk there walked in 48 minutest
and back? Use the information in the
sample problem.

In Froblem 26, first determing
how many miles can be walked
In Froblem 25, you must account in 45 minutes, Then, convert
for both the distance to and from miiles to blocks,

theice cream shop.
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SampleProblem 1.2

Scheduling Closses

Slanny needs to schedule his classes for next year.
The sclsoed day is divided into seven periods, and
he must take Algebra 11, Art, Chemistry, English,
History, and Physical Education. Using the infor-
mation an the right, find a way for Manny e
schedule all his classes,

) Analyze ldentify the relevant L.
Manny must take lunch during 5th perind, Art is
only available during 2nd period. Pliveical Educarion
is anly available during dth perisd.

) Solve Apply the concepts to this problem.

Ploce lunch, Art, ond Physical
Education into Monny's

schedule, 15T perion

Chapter 1

Monmy's Schedule

[

v Algebra 11 is offered during either 1st or 2nd period,

v At is offered during 2nd period only.

¥ Chemistry is offerad during either 3rd or ath period.
v English is oftered during either 6th or Tth perind.

v Hispory is offered during either 4th or fth persod.

v Physical Education is offered during dth period only,
# Lunch is scheduled far 5th period.

Sinca Art: is only available during End |

pericd. Manny must taks Algebra ll

during 15t pariod, Snce PE. s only

svailabla during 4th pariad, ha must
 Taka History during 7th paried.

Manny's Schedule

2nd pariad

Art

Jrd pariad

1wt ey Alasbrall

Ath pericd

PE. 2nd period Art

Fith paricd

Jrd pericd LChemistny
FE.

Lunch

G panicd

#th pengd

Lunch

Tth pancd

Eith pariad
Gtk pesricd

Fit the remainder of the closses
inte Manmy’s schedule,

Englick
Histiory

T penicd

2T, How would Manny's schedule change if Art
wias available during 1t persed, instead of

Inad perivwd?

]..4 LessonCheck

28. Would Manny's schedube change if Algehea 11
was available during lst, Zrd, and 3rd periods?

Explain.

Review What are the two general steps in
suceesaful problem solving?

30. List What are the three steps for solving
numeric problems?

3. () List What are the two steps for solving
nonnumeric problems?

32. Compare and Contrast How are the processes
tor solving numeric and nonnumeric problems
sirmilar? In what way are they different?

26 Chapber | = Lesson 4

Chemistry

33. Caleulate Read the following conversion prob-

lerm, and then answer the questions. *There are

Jad seconds in an hour. How many seconds are

there in one day?™

a. Identify the known and the unknown,

b. What relationship between the known and
unknown do you need to solve the problem?

€. Caleulate the answer o the prablem.

d. Evaluate vour answer and explain why your

anawer makes aense.

20
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" 1 Study Guide ) N R

BIGIDEA 1.3 Thinking Like o Scientist
CHEMISTRY AS THE CENTRAL SCIENCE A

It is important to study chemistry becanse
chemistry is fundamental to the understanding of
the other sciences, Chemistry is relevant to many

Lavoisier helped to transform chemistry from a
science of observation to the science of measurement
that it is today.

professions. A knowledge of chemistry can help Steps in the scientifc method include

you become an informed citizen. Chemists use the making ebservations, propasing and testing

scientific method to sobve problems and develop hypotheses, and developing theories.

theories about the natural weorld. When scientists collaborate and communicate
\\__ _) with one another, they increase the likelihood of a

sucoessiul owteome,

1.1 The Scope of Chemis | « scientific methad (15|

I e _ f-l't' . « abaervation |15)
L Chemistry affects all aspects of life and most « hypothasis [16]

natural events because all living and nonliving things

s expenment 16|
are made of matter. «indepiandent voriable (16|
L Five traditional areas of study are organic « dependent voriohle |14)
chemistry. inorganic chemistry, binchemistry, «madal | 14]
analytical chemistry, and physical chemistry, stheery [17]
Some of chemistry's big ideas are as follows « sciantibic low 07

chemistry as the central science, electrons and
the structure of atoms, bonding and interactions,
reactions, kinetic theory, the male and quantifying
matter, matter and energy, and carbon chemistry.
« mcatter (2

« chemistry [2)

s organic chemistry |3

«marganic chemistry (3]

» biochemistry |3

«analyfical chamisiry (3)

» phvysical chemistry 3]

» pure chemistry (3]

« applied chemistry |3|

1.2 Chemistry and You )

Chemistry can be useful in explaining the natural
waorld, preparing people for career opportunities, and

producing informed citizens.

1.4 Problem Solving in Chemistry )

Effective problem solving always involves

Modern rescarch in chemistry can lead to developing a plan and then implementing that plan.
technologies that aim to benefit the environment,

The steps for solving a numeric word problem are

comserve and produce energy, improve human life, and a]’!lﬁ.l'!.'?.lf', calculate, and evalnate,

expand our knowledge of the universe,

s The ateps for solving a nonnumeric problem are

\\:‘rechnnlag}f [8) analyze and solve, J
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