Introduction
to Chemistry

INSIDE:

* 1.1 The Scope of Chemistry

1.2 Chemistry and You

1.3 Thinking Like a Scientist

1.4 Problem Solving in Chemistry

A chemist is working in a lab,
collecting scientific data. In this
chapier, you will learn about the
scientific method.




CHEMISTRY AS
THE CENTRAL SCIENCE

Essential Questions:

1. Why is it important fo sfudy
chemisiry?

2. How do chemists solve problems?

Is Bio Better?

You are preparing for a

picnic with your friends and

need to shop for supplies, includ-

ing cups and utensils. At the store

you notice that there are options /
other than the usual disposable A
plastic picnicware that you typi- :
cally find. Some of the items are 2
labeled as being made of “bioplas-

tic.” The packaging advertises that these
products are “Eco Friendly,” “Compostable,”
and “Made From Renewable Resources.”

All these product labels leave you per-
plexed. What is this new material? Is it better
for the environment than common plastic?
You decide to find out more about bioplastic
before making your purchase. What fac-
tors should you consider in order to make
an informed decision when you return to
the store to make your purchase?

» Connect to the BEGIDEA As you read
about the skills and methods used in chem-
istry, think about how they can apply to your
everyday decision making.

NATIONAL SCIENCE EDUCATION STANDARDS
A A2 F2 B3 F-4 G, G2 G4




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.

Key Questions s ’
Why is the scope of | WhCII' |S Chemlstry?

chemistry so vasi?

What are five traditional

areas of study in chemisiry?

(2 What are the central themes
of chemisfry?

Why is the scope of chemisiry so vasf?

Look around you. 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.” Malter is anything that
has mass and occupies space. The trees, the water, and the buildings you see
Vocabulury in Figure 1.1 are all examples of matter. However, you don’t have to be able to
see something for it to qualify as matter. The air you breathe is an example of
matter that you cannot see with the naked eye.

Have you ever wondered how some creatures can survive deep in the

® matter
® chemistry
® organic chemistry

® inorganic chemisiry ocean where there is no light? Why some foods taste sweet and some taste bit-

e biochemi stry ter? Chemistry answers these questions and the many other questions you

¢ analytical chemistry may have about the world you live in. Chemistry is the study of the composi- |
e physical chemistry tion of matter and the changes that matter undergoes. Chemistry affects |
® pure chemistry all aspects of life and most natural events because all living and nonliving

® applied chemistry 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

(C== What are five traditional areas of study in chemistry? ARy

Figure 1.1 Matter Around You
Everything around you is made

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

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

physical chemistry.

Learn more about the >

/J areas of chemisiry online

2 Chapter 1 ® Lesson 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, such as rocks. The study of
processes that take place in living organisms is biochemistry. These processes
include muscle contraction and digestion. The area of study that focuses on
the composition of matter is analytical chemisiry. A task that would fall into
this area of chemistry is measuring the level of carbon dioxide in the atmo-
sphere. Physical 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 to answer a specific ques-
tion. Applied chemistry 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.
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Physical Chemistry 1
A physical chemist might study
factors that offect the rate of |

Inorganic Chemist
photosynthesis in trees. g i

% An inorganic chemist might
"N develop metal materials that

" provide strong structural parts
%

* for buildings.

: AT XL

_ Organic Chemistry

. An organic chemist might
develop new lightweight plastics
for flying disks.

STRY (.- YOU

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———n, g

B

B Biochemistry
A biochemist might study
how the energy used for
the contraction of muscles
is produced and stored.
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Figure 1.2 Big Ideas

The big ideas in chemistry can help you
understand the world around you. For
example, all matter is made up of atoms,
which are held together in compounds
by chemical bonds. The fire is a result of
a chemical reaction between the carbon-
containing compounds in the wood and
the oxygen in the air. The fire gives off
energy in the form of heat and light. The
gas particles in the air around the fire
begin to move faster as the air heats up.
Predict Marshmallows are made up
of mostly sugar, a carbon-confaining
compound. What do you think happens
when the sugar is heated by the fire?

4 Chapter 1 ® lesson |

Big Ideas in Chemistry
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 you understand these ideas
50 you can use them to explain real situations that 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.” 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 energy, 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 electrons. 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.




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 oxygen 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.

BEGIDEA 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 specifying 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 cCarbon 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.

B onchack

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

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

2. List Name the five traditional areas
into which chemistry can be divided.

3. (&2 Review What are the “big ideas” of
chemistry?

damage.
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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Key Questions

What are three general
reasons fo study chemistry?

What are some ouicomes of

modern research in chemistry?

Vocabulary

® technology

Figure 1.3 Chemistry and Food
When cut apples are exposed to
air, a chemical reaction fakes place,
which causes the color to change

to brown.

6 Chapter 1 © Lesson 2

Q¢ How is chemistry used to study worlds other than your own? The Hubble
Space Telescope has provided detailed views of celestial objects. Scientists
who 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 HD189733b, is much too hot to support life. 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 to study chemistry?

You may not realize it, but chemistry can answer many questions you have
about the world around you. Should you use 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 your town, what questions would you ask about the
project? Chemistry can be useful in explaining the natural world, pre-
paring people for career opportunities, and producing informed citizens.

Explaining the Natural World You were born with a curiosity about your
world. Chemistry can help you satisfy your 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 upon exposure to air. It can explain why the texture
of eggs changes from runny to firm as eggs are boiled. Chemistry can explain
why water expands as it freezes, why sugar dissolves faster in hot water than
in cold water, and why yeast makes bread dough rise. After you study this
textbook, 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, you will find features on careers
that require knowledge of chemistry. Some of the choices may surprise you.
You do not need to have the word chemist in your job title to benefit from
understanding chemistry. 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 1.4a, healthy. This job requires an understanding of soil
chemistry. Figure 1.4b shows a firefighter, who must know which chemicals
to use to fight different types of fires.




Figure 1.4 Careers

Many careers require a knowledge of chemisiry. @. Turf managers must know how
the soil and other conditions affect grass. b. Firefighters must choose the correct

chemicals to extinguish different types of fires,

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

grass 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, you will need
to 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.

Figure 1.5 Voting

Through voting, citizens have a say in the decisions their
government makes. Those decisions include how much
money to provide for scientific research.
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¢. Predict Do you think that the amount of
plastics packaging in U.S. waste will increase ,
or decrease in the next 10 years? Explain. { 2500 2690

Figure 1.6 Plastics packaging includes L i Plastics Packaging in U.S. Waste

soft-drink and water bottles, milk and water =
| jugs, and other plastic containers.

a. Read Graphs How much plastics
packaging was in U.S. waste in 20077

| b. Calculate How much more p|c15tics

| packaging was in U.S. waste in 2000 than

Waste produced
(thousands of tons)
=
S

AR

Note: The amount of plastics
packaging in U.S. waste
includes plastics packaging
that is to be recycled.

1960 1970 19‘805' 1990 2000 2007
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Chemistry, Technology, and Society
What are some outcomes of modern research in chemisiry?

You have probably heard the term high tech used when describing the latest
gadgets and inventions, such as computers that are the size of your watch, or
cars that can drive themselves. However, you may not realize that many of
the basic items you use every day, such as the sneakers you wear or the cereal
you 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 to do things that would be otherwise impossible, such as trav-
eling to the moon. 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 you have ever consumed bottled water, eaten a salad with a disposable
fork, or put on your helmet before riding your bike, you have used plastics.
Chemistry has played a large role in developing plastics for different uses.
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 petrochemicals is limited, and the manu-
facture of plastics uses large amounts of energy. Unrecycled plastics end up
in landfills, where they remain for hundreds of years. Figure 1.6 shows the
amount of plastics packaging in U.S. 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.




Figure 1.7 Bioplastic

Polylactic acid (PLA) is known as a bioplastic. Made from corn, PLA can be
used to manufacture many items that are typically made out of petroleum-

based plastics, including cups, utensils, containers and packaging for food,
and bags.

Corn is grown,

harvested, and
ground. A sugar S . ' : :

| called glucose ; . & Lactic acid is also found
)28 s extracted. . & in your muscle fissue

‘ T S when you exercise.

“VW® Bacteria are added fo convert [HE
L glucose into lactic acid. —
4 P, ‘1‘if 5 5} 5 .
Lactic acid molecules are linked
into long chains called polymers.

RN L

Plastics are made out : : k '
of polymers. Polymers P . - A
are long chains of W The polylactic acid (PLA)
molecules that are WML, 7] polymer is formed into
chemically bonded to AN smaill pellets. The pellets
one another. - = s can be spun into fibers

or melted to take almost
any form.

!-'wifna_gmwﬂ

Disadvantages of PLA
¢ Made from renewable resources PLA can be X Melts at low temperatures Since PLA melts at
made from corn and other crops, which can be temperatures lower than other common plastics, it
grown year after year. doesn't have as many applications.
¢ Less energy The production of PLA uses less X Made from corn The fields used to grow corn
energy than the production of conventional for PLA could be used to grow food for Earth’s
plastics. growing population. There is also concern that
¢ Better for the environment Fewer greenhouse the corn used to produce PLA is genetically
gases, such as carbon dioxide, are produced in modified.
the production of PLA than in the production of X Difficult to dispose of PLA must be taken to
other plastics. Also, PLA can be broken down special compost facilities in order to ensure that
info compounds found in nature. the material breaks down. Products made from
PLA cannot be recycled with other plastics.
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Figure 1.8 Biotechnology

The discovery of the structure

of DNA led to the development
of biotechnology. @. This
computer graphics model shows
a small segment of DNA. b. The
conditions in a bioreactor
are controlled so that the
bacteria produce as
much of the product
as possible.
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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—conserve it or produce more of it.
Chemistry plays an essential role in both of these options.

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. In 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 interactina
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. It 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.
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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.

In 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 analyzed 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.

Figure 1.9 Space Exploration
With help from NASA, chemists
study matter from other bodies
in the solar system. This drawing
shows the robotic vehicle
Opportunity on the surface

of Mars.
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Q: How can chemistry be
used to find evidence of life on
other planets?

."2 LessonCheck

8. List What are three reasons for studying
chemistry?

9. (=4 Review How has modern research in
chemistry impacted society?

BIGIDEA

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

CHEMISTRY AS THE CENTRAL SCIENCE

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?

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




Accidental Chemistry

Typically, chemists direct their research toward a practical goal or
application. However, sometimes scientists accidentally stumble
upon a discovery that they didn’t intend to find.

Polytetrafluoroethylene In

| 1938, Roy J. Plunkett was

researching new refrigerants,
which are compounds used |
in refrigerators and air ‘
conditioners. In preparation

| for an experiment, Plunkett

stored a compound called
tetrafluoroethylene gas (TFE) in
cylinders at a low temperature overnight.
‘When Plunkett was ready to use the TFE the next

| day, he found that none of the gas came out. He opened a

cylinder to find a white, waxy solid that was very slippery
and did not react with any other chemicals. ,

The substance that Plunkett accidentally made, called
polytetrafluoroethylene (PTFE) has many uses that you

| may be familiar with, such as insulation for electrical

cables, soil and stain repellents for fabrics, and coatings
for nonstick cookware.

Saccharin In 1879, Constantine Fahlberg
was looking for new uses for coal tar and
forgot to wash his hands after working
one day in the lab. When he went home
to eat dinner that night he noticed that
his bread tasted sweet. He realized that the
sweet taste was coming from his unwashed
hands.
The substance on his hands was saccharin,
which is the oldest artificial sweetener. Saccharin

| was initially sold in tablet form from the late

1890s to the 1940s. In 1957, it was introduced in

| granulated form.




Sticky Notes In 1968, a chemist named Spencer
Silver developed an adhesive that was only slightly
sticky. However, Silver didn’t have an application for
his discovery. Several years later, in 1974, Silver’s
co-worker, Art Fry, was singing in his church choir.
He thought that Silver’s adhesive would be useful for
sticking bookmarks in his hymnal. In 1980, sticky
notes were introduced around the world.

Vulcanized Rubber When rubber was introduced in the early 1830s,
it was not very useful. It froze in the winter and melted into a glue-like
substance in the summer. Charles Goodyear, a hardware merchant
from Philadelphia was on a quest to improve the properties of the
substance. After countless failed experiments, Goodyear began )
using sulfur in his rubber formulations. In the winter of 1839, a ‘
chunk of his rubber-sulfur formulation landed on top of a hot
stove. Instead of melting, the rubber charred. The mixture
had hardened but it was still elastic.
Thomas Hancock, an Englishman, saw a sample of
Goodyear’s rubber and re-invented it in 1843. He named
the processes “vulcanization,” after Vulcan, the Roman
god of fire.

Take It Further

1. Identify Coal tar contains carbon. What type of
chemistry was the focus of Fahlberg’s research? |
2. Classify Were the inventors in these examples
performing pure or applied research when they made
their discoveries? Explain.

3. Infer When Plunkett couldn’t get the TFE gas out
of the cylinders, he weighed them and found that they
weighed the same as they did the night before. What
was the significance of this finding?

4, Form an Opinion Are the inventions described
examples of technology? Why or why not?

~Introduction to Chemistry 13




Like a Scientist

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

. CRHowddiavisirhepro | An Experimental Approach to Science
b g How did Lavoisier help fo transform chemistry?

m::::: OZ‘; gt e The word chemistry comes from the word alchemy. Long before there were

. chemists, alchemists were studying matter. Alchemy arose independently in
What ro!'e d.o co.'l'abtfr ation many regions of the world. It was practiced in China and India as early as
and communication play in 400 B.c. In the eighth century, Arabs brought alchemy to Spain, and from

BkEnsE there it spread quickly to other parts of Europe.

Vocabulary You may have heard that alchemists were concerned with searching for a
« sciartific method way to change.other. metals, such as lead, 1nt.o gold. Although alchemists did
o obsstvaiion not succeed with this quest, the work they did spurred the development of

e hypothesis chemistry. Alchemists developed the tools and techniques for working with

e experiment chemicals. For example, alchemists developed processes for separating mix-

® independent variable tures and purifying chemicals. They designed equipment that is still used

¢ dependent variable today, including beakers, flasks, tongs, funnels, and the mortar and pestle,
 model which is shown in Figure 1.10. What they did not do was provide a logical set
® theory of explanations for the changes in matter that they observed. Chemists would

® scienfific law accomplish that task many years later.

Figure 1.10 Mortar and Pestle

Pharmacists still use a bowl-shaped mortar and
club-shaped pestle to mix drugs for patients. The
mortar and pestle in this photograph are made of
porcelain, which is a hard material,

Infer What may be some other uses of a mortar
and pestle?

14 Chapter 1 ® Lesson 3




By the 1500s in Europe, there was a shift from alchemy to science. Science
flourished in Britain in the 1600s, partly because King Charles II 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
was to encourage scientists to base their conclusions about the natural world
on experimental evidence, not on philosophical debates.

Tn France, Antoine-Laurent Lavoisier did work in the late 1700s that
would revolutionize the science of chemistry. 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, Lavoisier 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 Antoine Lavoisier
materials burn because they contain phlogiston, which is released into the air This porirait of Antoine Lavoisier
as a material burns. To support this explanation, scientists had to ignore the and his wife Marie Anne was
evidence that metals can gain mass as they burn. By the time Lavoisier did painted by Jacques 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 1.11, helped with his sci-
entific work. She made drawings of his experiments and translated scientific
papers from English.

The Scientific Method

What are the steps in the
scientific 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 2 logical, systematic
approach to the solution of a scientific prob-
lem. 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 you try to turn on a flashlight and
you notice that it does not light. When you use
your senses to obtain information, you make
an observation. An observation can lead to a
question: What is wrong with the flashlight?

Figure 1.12 Observing With

a Microscope

Observation is an essential step in
the scientific method.
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Figure 1.13 Computer Models

This scientist is using o computer to model
complex molecules, which are difficult to
study with experiments alone.

Testing Hypotheses If you guess that the batteries in the
flashlight are dead, you are making a hypothesis. A hypothesis
is a proposed explanation for an observation. You can test your
hypothesis by putting new batteries in the flashlight. Replacing
the batteries is an experiment, a procedure that is used to test
a hypothesis. If the flashlight lights, you can be fairly certain
that your hypothesis was true. What if the flashlight does not
work after you replace the batteries? A hypothesis is useful only
if it accounts for what is actually observed. When experimental
data does not fit a hypothesis, the hypothesis must be changed.
A new hypothesis might be that the light bulb is burnt out. An
experiment to test this new hypothesis is to replace the bulb.

When you design experiments, you 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, you
can relate any change in the dependent variable to changes in
the independent variable. For the results of an experiment to
be accepted, the experiment must produce the same result no
matter how many 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 a scientist must perform to test
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 gain 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 biological
molecules. Chemists may also use models to study chemical
reactions and processes.

revised based on
experimental data.

Figure 1.14 The Scientific Method

The steps in the scientific method do not
have to occur in the order shown.
Compare and Contrast How are a
hypothesis and a theory similar? How
are they different?

16 Chapter 1 @ Lesson 3

A hypothesis may be |

Theory
A theory is tested by
more experiments

and modified if

Experiments
An experiment can
lead to ohservations
that support or
disprove a hypothesis.

necessary.

" 4

Scientific Law

A scientific law
summarizes the results |
of many observations
and experiments.




Developing Theories Figure 1.14 shows how the steps of the scientific
method fit together. Once a hypothesis meets the test 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 because they
help you form mental pictures of objects or processes that cannot be seen.
Other theories allow you to predict the behavior of matter.

When 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 future to
explain new observations or experimental results.

Q: What was Alexander Fleming’s
hypothesis? How could he test his
hypothesis?

Scientific Laws Figure 1.14 shows how scientific experiments can lead to
laws as well as theories. A scientific law is a concise statement that sum-
marizes the results of many observations and experiments. In Chapter 14,
you 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.

" (Quicklab) T T )

Purpose To test the hypoth- Bubbles!
esis that bubble making can be =
affected by adding sugar or salt Procedure
to a bubble-blowing mixture

l;:;:

1. Label three drinking cups 1, 2, and 3. 4. Dip the drinking straw into
Materials Measure and add one teaspoon of liquid cup 1, remove it, and blow gently
« 3 plastic drinki dish detergent to each cup. into the straw to make the largest -
plastic drinking cups ) ;

L e ats 2. Use the measuring cup to add two- bubble you can. Practice making

R ) thirds cup of water to each drinking cup. bubbles until you feel you have
silidtsid dist deter gent Then swirl the cups to form a clear mixture. —reasonable control over your bub-
* water CAUTION Wipe up any spills immediately ~ ble production.
» table sugar so that no one will slip and fall. 3. Repeat Step 4 with the mix-
« table salt 3. Add a half teaspoon of table sugar to tures in cups 2 and 3.
o drinking straw cup 2 and a half teaspoon of table salt to

cup 3. Swirl each cup for one minute.

Analyze and Conclude

1. Observe Did you observe any differences in your ability to produce bubbles
using the mixtures in cup 1 and cup 2?

2. Observe Did you observe any differences in your ability to produce bubbles
using the mixtures in cup 1 and cup 3?

3. Draw Conclusions What can you conclude about the effects of table sugar
and table salt on your ability to produce bubbles?

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

J

/l,.f

e
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Collaboration and Communication

Caet What role do collaboration and communication play in science?

No matter how talented the players on a team may be, one player cannot
ensure victory for the team. Individuals must collaborate, or work together,
for the good of the team. Think about the volleyball players in Figure 1.15. 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 volleyball game, the players also communicate with one another

$o 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 a volleyball team to win, the have all the knowledge, skills, and resources to solve the problem. It is often

players must work 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- N
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 or on 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 Lab Pariners
Working in pairs or in a group can
be challenging, but it can also be
rewarding.

Apply Concepts What steps

in the scientific method are these
students using? o
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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
communicate face to face. They also can exchange ideas with other scientists
by e-mail, by phone, and at local and international conferences. Scientists still
publish their results in scientific journals, which are the most reliable source
of information about new discoveries. Most journals are now published

Figure 1.17 Communication
Scienfists often get together

att professional meefings and
workshops fo discuss their findings
and share ideas.

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
usually not published.

The Internet 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, you have
to consider the source. This same advice applies
to articles in newspapers and magazines or the
news you receive from television. If a media out-
let has a reporter who specializes in science,
chances are better that a report will be accurate.

14. Review How did Lavoisier revolutionize the sci-
ence of chemistry?

15. List Name three steps in the scientific method.

16. Explain Why are collaboration and communica-
tion important in science?

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?

19. Describe What process takes place before an article is
published in a scientific journal?

20. Explain Why is it important for scientists to publish a
description of their procedures along with the results
of their experiments?

21. Infer Why should a hypothesis be devel-
oped before experiments take place?

22. Compare What is the difference between a
theory and a hypothesis?

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

BIGIDEA
CHEMISTRY AS THE CENTRAL SCIENCE

24. Do the steps in the scientific method always
need to be followed in order? Explain.
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Lc:borofory Safety

Purpose
To demonstrate your knowledge of safe laboratory practices

e ———

Procedure

While doing the chemistry experiments in this textbook, you will work
with equipment similar to the equipment shown in the photograph.
Your success, and your safety, will depend on following instructions and
using safe laboratory practices. To test your knowledge of these prac-
tices, answer the question after each safety symbol. Refer to the safety
rules in Appendix C and any instructions provided by your teacher.

@ If you acc1dentally spill water |
near electrical equipment,
what should you do?

’ - % After you clean up your work
: area, what should you do
| before leaving the laboratory?

e
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safety goggles

N
be worn? r\\zﬁ‘\« i
LWH‘ s e J k\

[ Whenshoutd. &

What precautions should
Q you take when working

near an open flame?

) to dispose of chemicals |
by flushing them down |
the sink? '

p . E What should you do if

glassware breaks?

r
4
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Key Questions

What is a general approach
fo solving a problem?

What are the steps for
solving numeric problems?

What are the steps for

solving nonnumeric problems?

Figure 1.18 Problem Solving

A shopper must make many
decisions. Some of those decisions
are based on dota, such as the
information on a food label.

22 Chapter 1 @ Lesson 4

Q2 How does having a plan make solving problems easier? Have you ever tried
to solve a crossword puzzle? If 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
What is a general approach to solving a problem?

Problem solving is a skill you use all the time. 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 you or the non-express line
with a single shopper who has a lot of items?

When you solve a problem, you 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.

e




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

Most word problems in chemistry require math because measurement is such
an important part of chemistry. The techniques used in this book to solve
numeric problems are conveniently organized into a three-step, problem-
solving approach. This approach has been shown to be very helpful and effec-
tive. We recommend that you follow this approach when working on numeric
problems in this textbook. The steps for solving a numeric word
problem are analyze, calculate, and evaluate. Figure 1.19 summarizes the
three-step process, and Sample Problem 1.1 on the next page shows how the
steps work in solving a numeric problem.

@ Analyze To solve a word problem, you must first determine where you
are starting from (identify what is known) and where you are going (identify
what is unknown). What is known may be a measurement or an equation that
shows a relationship between measurements. If you expect the answer (the
unknown) to be a number, you need to determine what unit(s) the answer
should have before you do any calculations.

After you identify the known and the unknown, you need to make a plan
for using what is known to arrive at the unknown. Planning is at the heart of
successful problem solving. As part of planning, you might draw a diagram
that helps you visualize a relationship between the known and the unknown.
You might need to use a table or graph to identify data or to identity 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, you will have to convert

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

@ Evaluate After you calculate an answer, you should evaluate it. Is the
answer reasonable? Does it make sense? If not, reread the word problem. Did
you 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.

o (2] (3]

Figure 1.19 Solving Numeric Problems

This flowchart summarizes the steps for solving a numeric problem.
Identify In which step do you make a plan for getting from what is
known to what is unknown?

READING St
Build Reading Skills:
Main Ideas Under the
heading Solving Numeric
Problems, there are three
main ideas presented as
subheads. What are two
details that support each
main idea?
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SampleProblem 1.1

Estimating Walking Time

You are visiting Indianapolis for the first time. It is a nice day, so you decide to walk from
the Indiana State Capital to the Murat Centre for an afternoon performance. According to
the map in Figure 1.20 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.

@ Andlyze List the knowns and the unknown.
This problem is an example of what is typically called a KNOWNS
conversion problem. In a conversion problem, one unit dlekaticeto e travalal s BllsiE
of measure (in this case, blocks) must be expressed in a walking speed = 1 mile/20 minutes
different unit (in this case, minutes). 1 mile = 10 blocks

Divide the distance to be traveled (in blocks) by the
number of blocks in one mile to get the distance of the trip UNKNOWN
in miles. Then multiply the number of miles by the time it time of trip = ? minutes
takes to walk one mile.

@ Calculate Solve for the unknown.

The relationship 1 mile = 10 blocks canbe

\Interpreted as “1 mile per 10 blocks.”
Divide the number of blocks to be WIERRRRS AR RERNRSRaRAaNS
traveled by the number of blocks in | 3 & blocks X
one mile.

1 mile

TOBache 0.8 mile

Multiply the number of miles by the | 20 minutes
time it takes to walk ene mile. e 1mite”

= 16 minutes

| Notice how the units cancel, |
o peme———

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

25. There is an ice cream shop six blocks : 5 26. Using the information in the sample
north of your hotel. How many b S § problem, how many blocks can be
minutes will it take to walk there ' ) walked in 48 minutes?
and back? Use the information in the :
sample problem.

in Problem 26, first determine
, how many miles can be walked
In Problem 25, you must account _ \\ in 48 minutes. Then, convert
for both the distance to and from h miles to blocks.

theice cream shop.




Figure 1.20 Reading a Map
Refer to this map of Indianapolis,

Indiana, while you do Sample
Problem 1.1.
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Solving Nonnumeric Problems

— .
What are the steps for solving nonnumeric problems? HEMISTRY
Q: Pick a game you like to
play or a type of puzzle you
enjoy solving. How does hav-
ing a plan make playing the
game or solving the puzzle
easier?

Not every word problem in chemistry requires calculations. Some problems
ask you to apply the concepts you are studying to a new situation. To solve a
nonnumeric problem, you still need to identify what is known and what is
unknown. Most importantly, you still need to make a plan for getting from
the known to the unknown. If your answer is not a number, you do not need
to check the units, make an estimate, or check your calculations.

‘The three-step problem-solving approach is modified for nonnumeric
problems. The steps for solving a nonnumeric problem are analyze
and solve. Problem-solving methods, such as drawing a diagram, creating a
flowchart, or building a model, may be useful. Figure 1.21 summarizes the
process, and Sample Problem 1.2 on the next page shows how the steps work
in an actual problem.

(5] Figure 1.21 Solving Nonnumeric Problems
This flowchart summarizes the steps for solving a

L
Analvze PI nonnumeric problem.
J Compare With a nonnumeric problem, why is the

second step called solve, rather than calculate?
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SampleProblem 1.2

Scheduling Classes

Manny needs to schedule his classes for next year.
The school day is divided into seven periods, and
he must take Algebra II, Art, Chemistry, English,
History, and Physical Education. Using the infor-
mation from the course catalog, find a way for
Manny to schedule all his classes.

' Algebra I1 is offered during either 1st or 2nd period.

v Artis offered during 2nd period only.

/ Chemistry is offered during either 3rd or 6th period.

¢ English is offered during either 6th or 7th period.

¢/ History is offered during either 4th or 7th period. ;
¢ Physical Education is offered during 4th period only. |

@ Anclyze Identify the relevant concepts.
Manny must take lunch during 5th period. Art is
only available during 2nd period. Physical Education

) i " Since Art ié only available during Znd
is only available during 4th period.

period, Manny must take Algebra [l
during 1st period. Since PE. is only
! available during 4th period, he must

Pluce lunch, Art, and Physical | SRR take History durifig 7thperiod.

Educafion into Manny's F onmy s gEacaue

el )/ 11 i Manny’s Schedule
T ———" 2ndperiod | Art

st period Algebra |l
2nd period Art

3rd period Chemistry
4th period PE.

5th period Lunch

©th period English
7th perlod History

@ Solve Apply the concepts to this problem.

Srd period
4th period PE.
5th period
©th period
7th period

Fit the remainder of the classes [
into Manny’s schedule .

27. How would Manny’s schedule change if Art 28. Would Manny'’s schedule change if Algebra IT
was available during 1st period, instead of was available during 1st, 2nd, and 3rd periods?
2nd period? Explain.

29, Review What are the two general steps in 33. Calculate Read the following conversion prob-
successful problem solving? lem, and then answer the questions. “There are

30. List What are the three steps for solving 3600 seconds in an hour. How many seconds are

numeric problems? thele i .one dagt
d. Identify the known and the unknown.

31. List What are the two steps for solving b. What relationship between the known and
nonnumeric problems? unknown do you need to solve the problem?
32. Compare and Confrast How are the processes ¢. Calculate the answer to the problem.
for solving numeric and nonnumeric problems . Evaluate your answer and explain why your
similar? In what way are they different? answer makes sense.
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BIGIDEA
CHEMISTRY AS THE CENTRAL SCIENCE

It is important to study chemistry because
chemistry is fundamental to the understanding of
the other sciences. Chemistry is relevant to many
professions. A knowledge of chemistry can help
you become an informed citizen. Chemists use the
scientific method to solve problems and develop

theories about the natural world. ' ‘When scientists collaborate and communicate
\ // with one another, they increase the likelihood of a
successful outcome.

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

Steps in the scientific method include
making observations, proposing and testing
hypotheses, and developing theories.

| « scientific method (15)

« observation (15)

« hypothesis (16}

s experiment ({16)
«independent variable {16)

Chemistry affects all aspects of life and most
natural events because all living and nonliving things
are made of matter.

(= Five traditional areas of study are organic « dependent variable (16)
chemistry, inorganic chemistry, biochemistry, «model (16]

analytical chemistry, and physical chemistry. s theory (17)

Some of chemistry’s big ideas are as follows: « scientific law (17)

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

o chemistry (2

s organic chemistry (3)

- inorganic chemistry (3)

« biochemistry (3]

«analytical chemistry (3)

« physical chemistry (3]

o pure chemistry (3)

- applied chemistry (3]

Chemistry can be useful in explaining the natural

world, preparing people for career opportunities, and g In Ln i
praducinginformzd citizens. Effective problem solving always involves
€& Modern research in chemistry can lead to developing a plan and then implementing that plan.

technologies that aim to benefit the environment,
conserve and produce energy, improve human life, and

expand our knowledge of the universe.
.................. The steps for solving a nonnumeric problem are

@chnology S]] analyze and solve.

The steps for solving a numeric word problem are
analyze, calculate, and evaluate.
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1 Assessment

* Solutions appear in Appendix E

(Lesson by Lesson ]

1.1 The Scope of Chemistry

34.
*35.

36.

* 37.

1.2

Explain why air is classified as matter.

The Japanese characters for chemistry literally
mean “change study.” Why are these appropri-
ate characters to represent chemistry?
P
S

3

Describe the main difference between inorganic
chemistry and organic chemistry.

[s a scientist who is studying cancer with the
goal of finding an effective treatment doing
pure research or applied research?

Chemistry and You

*38.

39.

40.
41,

*42.

1.3

Why would a firefighter or a reporter need to
understand chemistry?

What are some products that could be made
from the bioplastic polylactic acid (PLA)?

How do chemists help doctors treat patients?

What is the overall goal of biochemists who
work in the field of medicine?

How can scientists study the composition of
distant stars?

Thinking Like a Scientist

43.

*44,

45,
*+46.

47.

What did the scientists who founded the Royal
Society of London have in common with
Lavoisier?

What is the most powerful tool that any scien-
tist can have?

What is the purpose of an experiment?

Which of the following is not a part of the
scientific method?

a. hypothesis
b. experiment

C. guess
d. theory

How do an independent variable and a depen-
dent variable differ?

28 Chapter 1 ® Assessment

*+48.

*49.

50.

1.4

You perform an experiment and get unexpected
results. According to the scientific method,
what should you do next?

Explain how the results of many experiments
can lead to both a theory and a scientific law.

List two general reasons why scientists are likely
to collaborate.

Problem Solving in Chemistry

* 51,

52.

53.

*+54,

55.

*56.

Identify the statements that correctly describe
good problem solvers.

a. read a problem only once

b. check their work

c. look up missing facts

d. look for relationships among the data

What do effective problem-solving strategies
have in common?

In which step of the three-step problem-solving
approach for numeric problems is a problem-
solving strategy developed?

On average, a baseball team wins two out of
every three games it plays. How many games
will this team lose in a 162-game season?

If your heart beats at an average rate of 72 times
per minute, how many times will your heart
beat in an hour? In a day?

How many days would it take you to count a
million pennies if you could count one penny
each second?

(Understand Concepts }
=" 57.

Match each area of chemistry with a numbered
statement.

d. inorganic chemistry
e. biochemistry

a. physical chemistry
b. organic chemistry
¢. analytical chemistry

(1) measure the level of lead in blood

(2) study non-carbon-based chemicals in rocks

(3) investigate changes that occur as food is
digested in the stomach

(4) study carbon-based chemicals in coal

[5) explain the energy transfer that occurs when
ice melts




Use this photograph of the runners to answer . %65, Pure water freezes at 0°C. A student wanted to
Questions 58 and 59. : test the effect of adding table salt to the water.
<‘ The table shows the data that was collected.

Effect of Salt on Freezing Point of Water

Salt Added Freezing Point
5g —4.8°C
10g —9.7°C |
15g ~15.1°C |
20 g _15.0°C |

What was the independent variable?
What was the dependent variable? |
¢. Why must the volume of water be the same
for each test?
d. Based on the data, the student hypothesized,
“As more salt is added to water, the tempera-
ture at which water freezes decreases.” Is this
hypothesis supported by the data? Explain.

oo

*58. Explain how chemistry has affected the ability

*66. In the time a person on a bicycle travels 4 miles, : I
of these athletes to compete. p A -

a person in a car travels 30 miles. Assuming a

59. What type of chemist might study how an constant speed, how far will the car travel while
athlete uses energy during a competition? : the bicycle travels 40 miles?
Give a reason for your answer.

60. Explain why chemistry might be useful in a LThlnI( Criﬁca”y}

career you are thinking of pursuing.
67. Compare and Contrast How is the study of
chemistry similar to the study of a language? - 8
How is it different? |

*61. A doctor examines a patient’s sore throat and
suggests that the patient has strep throat. She
takes a sample to test for the bacteria that

cause strep throat. What parts of the scientific 68. Infer Comment on the idea that science accepts
method is the doctor applying? what works and rejects what does not work.

*62. You perform an experiment and find that the . 69. Apply Concepts You are asked to design an .
results do not agree with an accepted theory. experiment to answer the question: “Which A
Should you conclude that you made an error paper towel is the best?” i l
in your procedure? Explain. a. What is the independent variable in your E!_ |

; : : : : i ?
63. A student is planning a science fair project CEPERHICRLE

called “Does Temperature Affect How Higha b. List three possible dependent variables that
sl Can Boanea” : could be used to define “best.”

. Pi fthe d i
a. Based on the project title, identify the inde- fi; Bl oo S he Seprigent jatighlies yad

pendent variable and the dependent variable. d
b. Name at least two factors that would need to
be kept constant during the experiment.

rewrite the question as a hypothesis.
. List at least five factors that must be kept
constant when you test the hypothesis.

*70. Compare Important discoveries in science
are sometimes the result of an accident. Louis
Pasteur said, “Chance favors the prepared
mind.” Explain how both of these statements
can be true.

64. Describe a situation in which you used at
least two steps in the scientific method to
solve a problem.
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. Calculate Four beakers have a total weight of
2.0 Ib. Each beaker weighs 0.5 Ib. Describe two
different methods you could use to calculate the
weight of two beakers. Then try both methods
and compare the answers.

. Apply Concepts Explain what is wrong
with the statement, “Theories are proven by
experiments.”

. Interpret Diagrams The air you breathe is
composed of about 20% oxygen and 80% nitro-
gen. Use your problem-solving skills to decide
which drawing best represents a sample of air.
Explain your choice.

¥
O'O

@D Oxygen

a Nitrogen

74. Calculate A certain ball, when dropped from
any height, bounces one-half the original
height. If the ball was dropped from a height of
60 inches and allowed to bounce freely, what is
the total distance the ball has traveled when it
hits the ground for the third time? Assume the
ball bounces straight up and down.

. Calculate Bggs are shipped from a farm to a
market by truck. They are packed 12 eggs to a
carton and 20 cartons to a box. Four boxes are
placed in each crate. Crates are stacked on a
truck 5 crates wide, 6 crates deep, and 5 crates
high. How many eggs are on the truck?

. Analyze Data An oil tanker containing
4,000,000 barrels of oil is emptied at the rate of
5000 gallons per minute. What information do
you need to figure out how long it would take to
empty the tanker?

30 Chapter 1 ® Assessment

*77. Calculate A crate of envelopes sells for $576.00.
A package of envelopes contains 250 envelopes.
Six packages are packed inside a carton. Twelve
cartons are packed in a box. Eight boxes are
packed in a crate.

a. What does a package of envelopes cost?
b. What fact given in the problem was not
needed to calculate the answer?

- (Write About Science )

78. Explain Pick one activity that you can do faster
or with less effort because of technology. Write
a paragraph in which you describe the activity,
identify the technology, and explain how the
technology affects the activity.

. Relate Cause and Effect Write a paragraph
explaining how you can learn about the
research that is done by scientists. Then explain
how this information could help you be an
informed citizen.

CHEMYSTF?

Is Bio Beﬂera

When you return

home from the store,

you go online and search

for “bioplastics” You learn

that the products you found at

the store were most likely made

from polylactic acid (PLA). You

like that the PLA products come

from natural resources, such as

corn, and that less energy is used

in making PLA than other plastics. However,
you are concerned that it would be difficult to
find a facility that would be able to compost the
cups and utensils when you and your friends are
finished with them.

*80. Relate Cause and Effect What factors will
affect your decision as to whether to pur-
chase the picnic products made from PLA?
Explain.

. Connect to the BIGIDEA How would a
knowledge of chemistry help you make an
informed decision?




Standardized Test Prep

Select the choice that best answers each question or
completes each statement.

1. The branch of chemistry that studies chemicals
containing carbon is chemistry.
(A) physical
(B) inorganic
(C) analytical
(D) organic

2. An analytical chemist is most likely to
(A) explain why paint is stirred before it is used.
(B) explain what keeps paint attached to the steel
frame of an automobile.

of a hit-and-run accident.
(D) investigate the effect of leaded paint on the devel-
opment of a young child,

3. Chemists who work in the biotechnology field are
most likely to work with
(A) X-ray technicians.
(B) geologists.
(C) physicians.
(D) physicists.

Respond to each statement in Questions 4-6.

4, Someone who wears contact lenses does not have to
wear safety goggles in the lab.

5. Eating food that is left over from an experiment is
an alternative to discarding the food.

6. For a student who has read the proéedure, the
teacher’s pre-lab instructions are unnecessary.

- (Tips for Success)

i Use the flowchart to answer Question 7.

(1] (2] (3]

7. What should you do before you calculate an
answer to a numeric problem, and what should
you do after you calculate the answer?

Use this paragraph to answer Questions 8-10.

(A) One day, your car doesn’t start. (B) You say, “The

. : ; ; battery is dead!” (C) Your friend uses a battery tester
C) identify the type of paint chips found at the scene : Y y

4 srinnfy he ypetd ficscn oo 5 i and finds that the battery has a full charge. (D) Your

i friend sees rust on the battery terminals. (E) Your

. friend says, “Maybe rust is causing a bad connection in

i the electrical circuit, preventing the car from starting.”

(F) Your friend cleans the terminals, and the car starts.

8. Which statements are observations?
9. Which statements are hypotheses?

10. Which statements describe experiments?

True-False Questions When the word because is
placed between two statements, you must first decide
if the statements are both true, both false, or if one
statement is true and the other false. If both are true,
you must decide if the second statement is a correct

@plcnaﬁon for the first.

--------------------------------------------------------------

For each question, there are two statements. Decide whether each statement is true or false.
Then decide whether Statement II is a correct explanation for Statement I.

Statement I
11. A hypothesis may be rejected after an experiment.

12. Theories help you make mental models of objects

that cannot be seen.

13. All Internet sites that provide scientific

BECAUSE
BECAUSE

BECAUSE

Statement II
Experiments are used to test hypotheses.

Theories summarize the results of many
observations and experiments.

All information on these sites is reviewed

information are equally reliable. by qualified scientists.
If You Have Trouble With . . .
Question 1 2 3 4 5 6 8 P 10 11 12 13
See Lesson 1.1 1.1 1.2 1.3 1:3 1.3 1.4 1.3 1.3 1.3 1.3 1.3 1.3
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