
Chemistry

Connectin.g to YoYtr~WótI~i’~ The Galileo spacecraft was

placed in orbit around Jupiter to collect data about the planet and its
moons. Instruments aboard Galileo analyzed the atmosphere of the

moon lo.They found large amounts of sulfur and
sulfur dioxide.These chemicals are usually

released when volcanoes erupt on Earth.
So the presence of these chemicals
verified that the volcanoes on b’s
surface are active. Chemistry helped
scientists to study the geology of

a distant object in the solar system.
In this section, you will learn about

chemistry in general and ways you can
use your knowledge of chemistry.

What Is Chemistry?
In autumn thousands of visitors travel to New England to view vivid colors
like those in Figure 1.1. These colors appear as the trees approach the win
ter months when growth no longer takes place. The bright pigments are
produced by a complex chemical process, which depends on changes in
temperature and hours of daylight. The color pigments in leaves are an
example 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. You don’t have to be able to see something for it to qualify
as matter. The air you breathe is an example of “invisible” matter.

Chemistry is the study of the composition of matter and the changes
that matter undergoes. ~ Because living and nonliving things are made
of matter, chemistry affects all aspects of life and most natural events.
Chemistry can explain how some creatures survive deep in the ocean
where there is no light, or why some foods taste sweet and some taste bitter.
It can even explain why there are different shampoos for dry or oily hair.

Guide for Reading

O Key Concepts
• why is the scope of chemistry

so vast?
• what are five traditional areas

of study in chemistry?
• How are pure and applied

chemistry related?
• What are three general reasons

to study chemistry?

Vocabulary
matter
chemistry
organic chemistry
inorganic chemistry
biochemistry
analytical chemistry
physical chemistry
pure chemistry
applied chemistry
technology

Reading Strategy
Relating Text and Visuals As
you read, look closely at Figure 1.2.
Explain how this illustration helps
you to understand the traditional
areas of study in chemistry.

Figure 1.1 Chemical changes
that occur in leaves can cause
brilliant displays of color.
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Areas of Study
Because the scope of chemistry is vast, chemists tend to focus on one area.
(~ Five traditional areas of study are organic chemistr~c inorganic
chemistr~ biochemistr~c analytical chemistry, and physical chemistry.

Most of the chemicals found in organisms contain carbon. Organic
chemistry was originally defined as the study of these carbon-based chem
icals. Today, with a few exceptions, organic chemistry is defined as the
study of all chemicals containing carbon. By contrast, inorganic chemistry
is the study of chemicals that, in general, do not contain carbon. Inorganic
chemicals are found mainly in non-living things, such as rocks. The study
of processes that take place in organisms is biochemistry. These processes
include muscle contraction and digestion. Analytical chemistry is the area
of study that focuses on the composition of matter. A task that would fall
into this area of chemistry is measuring the level of lead in drinking water.
Physical chemistry is the area that deals with the mechanism, the rate, and
the 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
example, an organic chemist uses analytical chemistry to determine the

Figure 1.2 Chemists study composition of an organic chemical. Figure 1.2 shows how research in
structures and processes in the these areas of study can be used to keep humans healthy.
human body. Inferring Does
a bone contain mainly organk
or inorgank chemicals? Organic Chemistry

Physical Chemistry Athletes inhale chemicals
A physical chemist developed by organic
might study factors chemists to control

that affect breathing symptoms of asthma.rates during exercise.

(/

Analytical Chemistry
Analytical chemists develop tests
to detect chemicals in the blood.
The tests help to show if organs in
the body are working properly.

Inorganic Chemistry
An inorganic chemist might
explain how a lack of Biochemistry
calcium can affect the A biochemist might study how the
growth and repair of bones. energy used for the contraction of

muscles is produced and stored.
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Pure and Applied Chemistry
Some chemists enjoy doing 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.
Most chemists do research that is designed to answer a specific question.
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. Nylon
and aspirin provide examples of these two approaches.

Nylon For years, chemists didn’t fully understand the structure of materi
als such as cotton and silk. Hermann Staudinger, a German chemist,
proposed that the~e materials contained small units
joined together like links in a chain. In the early 7

1930s, Wallace Carothers did experiments to test 1)
Staudinger’s proposal. His results supported the
proposal. During his research Carothers pro- —_c ~-
duced some materials that don’t exist in nature. i~ I ~4
One of these materials, nylon, can be drawn i~k0j.A
into long, thin, silk-like fibers, as shown in —

Figure 1.3. Because the supply of natural silk was ~ •.

limited, a team of scientists and engineers were -.

eager to apply Carothers’s research to the commercial ~
production of nylon. By 1939, they had perfected a large-
scale method for making nylon fibers.

Aspirin Long before researchers figured out how aspirin works, people
used it to relieve pain. By 1950, some doctors began to recommend a low
daily dose of aspirin for patients who were at risk for a heart attack. Many
heart attacks occur when blood clots block the flow of blood through arter
ies in the heart. Some researchers suspected that aspirin could keep blood
clots from forming. In 1971, it was discovered that aspirin can block the
production of a group of chemidals that cause pain. These same chemicals
are also involved in the formation of blood clots.

Technology The development of nylon and the use of aspirin to prevent
heart attacks belong to a system of applied science called technology.
Technology is the means by which a society provides its members with
those things needed arid desired. Technology allows humans to do some,
things more quickly or with less effort. Jt allows people to do things that
would be impossible without technology, such as traveling to the moon. In
any technology, scientific knowledge is used in ways that can benefit or
harm people and the environment. Debates about how to Use scientific
knowledge are usually debates about the risks and benefits of technology.

9~fCheckpoint) Which material found in nature does nylon resemble?

Figuie 1.3 Long, thin nylon
fibers are woven into the fabric
used in this backpack. Other
objects that can be made from
nylon are jackets, fishing lines,
toothbrush bristles, and ropes.

For: Links on Applied
• Chemistry

Visit: www.SciLinks.org
~Web Code: cdn-1O1 1
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Why Study Chemistry?
Should you use hot water or cold water to remove sunblock from a shirt?
How could studying chemistry help you to be a better nurse, firefighter,
reporter, or chef? If your local government wanted to build a solid waste
incinerator in your town, what questions would you ask about the project?
Chemistry can have an impact on all aspects of your life. ~ Chemistry
can be useful in explaining the natural world, preparing 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 under
stand how things work. For example, chemistry can be seen in all aspects of
food preparation. Chemistry can explain why peeled apples turn brown
upon exposure to air. It can explain why the texture of eggs changes from
runny to firm as eggs are boiled or scrambled. Chemistry can explain why
water expands as it freezes, sugar dissolves faster in hot water, and adding
yeast to bread dough makes the 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. Section 1.2
will present some examples of how chemists contribute to society. 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 knowing chemistry. For example, a
firefighter must know which chemicals to use to fight different types of
fires. A reporter may be asked to interview a chemist to gather background
for a story. Turf managers are admired for the patterns they produce on a
ball field while mowing grass, but their more important task is keeping the
grass healthy, which requires an understanding of soil chemistry. A photo
grapher, like the one in Figure 1.4, uses chemical processes to control the

Figure 1.4 Even after the development of photographs in a darkroom.
invention of the digital camera,
many photographers still work
with film. They use chemical
processes to develop film and
produce prints in a darkroom.
Inferring Why isn’t film
developed under natural
light conditions?
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Being an Informed Citizen Industry, private foundations,
and the federal government all provide funds for scientific
research. The availability of funding can influence the direction
of research. Those who distribute funds have to balance the
importance of a goal against the cost. Because there is a limit to
the money available, areas of research often compete for funds.

For example, space exploration research could not take
place without federal funding. Critics argue that the money
spent on space exploration would be better 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 exploration
was used to find a cure for cancer? Are there enough valid ave
nues of research to take advantage of the extra funding? Would
there be qualified scientists to do the research?

Like the citizens shown in Figure 1.5, you will need to make
choices that will influence the development of technology. You
may vote directly on some issues through ballot initiatives or
indirectly through the officials you elect. You may speak at a
public hearing or write a letter to the editor or sign a petition.
When it comes to technology, there is no one correct answer.
But knowledge of chemistry and other sciences can help you
evaluate the data presented, arrive at an informed opinion, and
take appropriate action.

1.1 Section Assessment

1. ~ Key Concept Explain why chemistry affects all
aspects of life and most natural events.

2. ® Key Concept Name the five traditional areas
into which chemistry can be divided.

3. ® Key Concept Describe the relationship
between pure chemistry and applied chemistry.

4. © Key Concept List three reasons for
studying chemistry

5, Workers digging a tunnel through a city find some
ancient pots decorated with geometric designs.
Which of the following tasks might they ask a
chemist to do? Explain your answen
a. Determine the materials used to make the pots.
b. Explain what the designs on the pots represent.
c. Recommend how to store the pots to prevent

further damage.

6. Would a geologist ask a biochemist to help identify
the minerals in a rock? Explain your answer.

~ti Voj~,e~Su’%~
- ~... .~..

~t2~

7. Explain how knowledge of chemistry can help
you be a more informed citizen.

<1~~-

a

Figure 1.5 By registering to vote,
these citizens in Chicago, Illinois,
can have a say in the decisions
made by thefr government. Those
decisions include how much money
to provide for scientific research.

Describing Technology Pick one activity that
you can do fas er o wi less effort because of
technology.Write a paragraph in which you des
cri e the activity, iden ify the. techno o , . d
explain how the technology ifects the ctivity.

7ntera ivr Textbook
Assessment 1.1 Test yourself
on the concepts in Section 1.1.

with ChemASAP
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Chemistry Far and Wide

Guide for Reading

~ Key Concepts
• What impact do chemists have

on materials, energy, medicine,
agriculture, the environment,
and the study of the universe?

Vocabulary
macroscopic
microscopic
biotechnology
pollutant

Reading Strategy
Monitoring Your Understanding
After you read this section, identi~’
something you learned that is
important to your life and explain
why it is important to you.

in what is now Illinois drilled holes in mussel
shells and carved lines onto the shells to
make them look like small fish.The shells
were likely used as lures for ice fishing.
People also began to produce materials
that did not exist in nature. By weaving
plant fibers together, they made cloth,
which is softer and dries more quickly
than animal skins. Chemistry plays a key
role in the production of new materials. In
this section, you will learn how chemistry affects
many aspects of modern life.

Materials
The search for new materials continues. ~ Chemists design materials to
fit specificneeds. Often they find inspiration in nature. In 1948, while hildng
through the woods of his native Switzerland, George de Mestral took a close
look at the pesky buns that stuck to his clothing. When he looked at the
burrs under magnification, he saw that each burr was covered with many
tiny hooks that could latch on to tiny loops in the woven cloth of his cloth
ing. George had a weaver make two cloth tapes. On the surface of one tape
were hooks, and on the surface of the other tape were loops that the hooks
could fit into, as shown in Figure 1.6. In 1955 George patented the design
for his hook-and-loop tapes. These tapes are used as fasteners for items
such as shoes and gloves.

This story illustrates two different ways of looking at the world—the
macroscopic view and the microscopic view. The burrs that George de
Mestral used as a model for his tapes are small compared to many objects
in nature. However, they were large enough for George to see. Burrs belong
to the macroscopic world, the world of objects that are large enough to see
with the unaided eye. George needed more than his own vision to see the
hooks on a burr. The hooks belong to the microscopic world, or the world of
objects that can be seen only under magnification.

Connectingtcs ~ The first tools were objects such

as a stone With a sharp edge. In time, people learned to reshape these
objects to produce better tools. Native Americans

flr~
,fl d-~’

~: ~1;”~
~sfl~

Figure 1.6 This is a magnified view of hook-
and-loop tape. Color was added to the photo
to highlight the structures. Classifying Does
the photograph show a macroscopic or a
mkroscopk view of the tape? Explain.
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Energy
Energy is necessary to meet the needs of a modern society. It is used to heat
buildings, manufacture goods, and process foods. It is used to transport
people and goods between locations. With population growth and more
industrialization around the globe, the demands for energy continue to
increase. There are two ways to meet the demand for energy—conserve
energy resources and produce more energy. (~ Chemists playan essential
role in findingways to conserve energy~ produce energ~c and store energy.

Conservation One of the easiest ways to conserve energy is through the
use of insulation. Much of the energy consumed is used to keep houses
warm and freezers cold. Insulation acts as a barrier to heat flow from the
inside to the outside of a house or from the outside to the inside of a freezer. Figure 1.7 This insulation is
The foam used in drink cups provides excellent insulation because it con- light enough to float on soap
tains pockets of trapped air. One of the most exciting modern insulation bubbles yet is very effective
materials devised by chemists is SEAge1, which is a foam made from sea- at preventing heat transfer.
weed. SEAgel is very lightweight. In fact, SEAgeI is so light that it can float
on soap bubbles, as shown in Figure 1.7.

Production The burning of coal, petroleum, and natural gas is a major
source of energy. These materials are called fossil fuels because they
formed from the remains of ancient plants and animals. Scientists are
always looking for new sources of energy because the supply of fossil fuels
is limited. One intriguing possibility is fuels obtained from plants. Oil from
the soybeans shown in Figure 1.8 is used to make biodiesel. Regular diesel
fuel is a petroleum product that produces an irritating black exhaust when
it burns. When biodiesel burns, the exhaust smells like French fries!

Storage Batteries are devices that use chemicals to store energy that will
be released as electric current when the batteries are used. Batteries vary in
size, power, and hours of useful operation. For some applications, it is
important to have batteries that can be recharged rather than thrown away. Figure 1.8 Oil from soybeans
One application that benefits from rechargeable batteries is cordless tools. can be used in a substitute for
These tools were first developed for NASA. Astronauts in the Apollo pro- regular diesel fuel.
gram needed a way to drill beneath the Moon’s surface to collect samples. Predicting The supply of
Other devices that use rechargeable batteries are digital cameras, wireless diesel fuel is limited. Is the
phones, and laptop computers. supply ofsoybeans limited?

~~5~heckpoin~ What plant is a source of biodiesel?

Soybean in pod



Medicine and Biotechnology
No field has benefited more from advances in chemistry than medicine.
~ Chemistry supplies the medicines, materials, and technology that
doctors use to treat their patients. Work in the field of medicine is often
done by biochemists. Their overall goal is to understand the structure of
matter found in the human body and the chemical changes that occur in
cells. To accomplish their goal, they work with biologists and doctors.

Medicines There are over 2000 prescription drugs. They are designed to
treat various conditions including infections, high blood pressure, and
depression. Other drugs, such as aspirin and antacids, can be sold without
a prescription. Many drugs are effective because they interact in a specific
way with chemicals in cells. Knowledge of the structure and function of
these target chemicals helps a chemist design safe and effective drugs.

Materials Chemistry can supply materials to repair or replace body
parts. Diseased arteries can be replaced with plastic tubes. Artificial hips
and knees made from metals and plastics can replace worn-out joints and
allow people to walk again without pain. Burn patients may benefit from a
plastic “skin” that can heal itself when the plastic cracks. Chemicals that
repair the damage are released from tiny capsules in the plastic.

Biotechnology Figure 1.9a shows a model of a small piece of DNA. Seg
ments of DNA called genes store the information that controls changes that
take place in cells. From 1990 to 2003, scientists worldwide worked on the
Human Genome Project. They identified the genes that comprise human
DNA—about 30,000. They determined the sequence of the genes~ in DNA.
Some tools these scientists developed are used in biotechnology. ~

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 fac
tories. They produce chemicals of importance to humans, such as insulin,

Figure 1.9 The discovery of the which is used to treat some types of diabetes. Production takes place in
structure of DNA led to the large versions of the bioreactors in Figure 1.9b. In the future, scientists
development of biotechnology, expect to use gene therapy to treat some diseases. A gene that is not work
O This computer graphics ing properly would be replaced with one that will work properly.
model shows a small segment of
DNA. 0 The conditions in a
bioreactor are controlled so that
the bacteria produce as much of
the product as possible.

~0 1 0
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Agriculture
The world’s population is increasing, but the amount of land available to
grow food is decreasing. Land that was once used for agriculture is now
used for homes and industries. So it is important to ensure that land used
for agriculture is as productive as possible. ~ Chemists help to develop
more productive crops and safer, more effective ways to protect crops.

Productivity One way to track productivity is to measure the amount of
edible food that is grown on a given unit of land. Some factors that decrease
productivity are poor soil quality lack of water, weeds, plant diseases, and
pests that eat crops. Chemists can help with many of these problems. They
test soil to see if it contains the right chemicals to grow a particular crop
and recommend ways to improve the soil. They use biotechnology to
develop plants that are more likely to survive a drought or insect attack.

Chemists can also help to conserve water. In many regions, water is not
an abundant resource. Finding reliable ways to determine when a crop
needs water is important. The jellyfish in Figure 1.10 has a gene that causes
it to glow. If that gene is inserted into a potato plant, the plant glows when
it needs to be watered. These altered plants would be removed from the
field before the rest of the crop was harvested.

Crop Protection For years, farmers have used chemicals to attack insect
pests. In the past, these chemicals were nonspecific; that is, a chemical
designed to kill a pest could also kill useful insects. Today, the trend is
toward chemicals that are designed to treat specific problems. These chem
icals ar~ often similar to the chemicals that plants produce for protection.

Chen~,3ts sometimes use chemicals produced by insects to fight insect
pests. Female insects may produce chemicals that attract male insects.
This type of chemical has proved effective in combating pinworms. The
worms leave holes and black blotches when they tunnel into tomatoes.
Pinworms mate when they are in the moth stage of development. The plas
tic tube wrapped around the stem of the tomato plant in Figure 1.11 con
tains the chemical that a female pinworm moth emits to attract male
moths. When the chemical is released from these tubes, it interferes with
the mating process so that fewer pinworms are produced.

~5~heckpoint) What jellyfish gene did scientists transfer to a potato?

Figure 1.10 If genes from this
jellyfish (Aequaria victoria) are
transferred to a potato plant, the
plant glows when it needs to be
watered. Predicting I-low does
the modifiedplant help a farmer
to conserve water?

Figure 1.11 In the plastic tube
wrapped around the tomato
stem, there is a chemical that
attracts male pinworm moths.
This process reduces the rate of
mating between female and
male moths, and the number of
pinworms produced.
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Figure 1.13 This graph shows
data on children in the United
States with higher than accept
able levels of lead in their blood.

INTERPRETING GRAP S

a. Analyzing Data What per
cent of children had elevated
lead levels in the 1 970s?
b. Calculating If a percentage
point equals 200,000 children,
how many children had
elevated lead levels in 2000?
c. Drawing Conclusions
Explain the dramatic drop in
the percentage of children
affected by lead poisoning
between 1980 and 1988.

The Environment
One unintended consequence of new technologies is the produc
tion of pollutants. A pollutant is a material found in air, water, or soil
that is harmful to humans or other organisms. ~ Chemists help
to Identify pollutants and prevent pollution.

Identify Pollutants Lead is a pollutant with a long history The
Romans used lead pipes for plumbing and stored their wine in lead-
glazed vessels. Brain damage from lead poisoning may have caused
Roman rulers to make bad decisions, which led to the fall of the
Roman Empire. Until the mid-1900s, lead was used in many prod
ucts, including paints and gasoline. A study done in 1971 showed
that the level of lead that is harmful to humans is much lower than
had been thought, especially for children. Low levels of lead in the
blood can permanently damage the nervous system of a growing
child. This damage causes many problems, including a reduced
ability to learn.

Prevent Pollution The use of lead paint in houses was banned
in 1978. Using lead in gasoline and in public water supply systems
was banned in 1986. Today, the major source of lead in children is
lead-based paint in about 39 million homes built before 1978. When
children play with flakes of peeling paint or touch surfaces covered
with paint dust, they can transfer the paint to their mouths with
their fingers. The strategies used to prevent lead poisoning include
testing children’s blood for lead, regulation of home sales to families
with young children, and public awareness campaigns with posters
like the one in Figure 1.12. The graph in Figure 1.13 shows the
results of these efforts.

c9(Checkpolnt1 When was the use of lead paint in houses banned?

La a a

• e g a
I I

Figure 1.12 This poster was used to
warn people about the danger to
children from lead-based paint.
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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 dis
covered a gas on the sun’s surface that was not known on Earth. Norman
Lockyer named the gas helium from the Greek word hellos, meaning “sun.”
In 1895, William Ramsay discovered helium on Earth.

Because the moon and the planets do not emit light, scientists must use
other methods to gather data about these objects. They 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 large rock in Figure 1. 14a is similar to rocks
formed by volcanoes on Earth, suggesting that vast oceans of molten lava
once covered the moons surface. Figure 1.14b is a drawing of the robotic
vehicle Opportunity. The vehicle was designed to determine the chemical
composition of rocks and soil on Mars. Data collected at the vehicle’s landing
site indicated that the site was once drenched with water.

Figure 1.14 With help from
NASA, chemists study matter
from other bodies in the solar
system. 0 Apollo astronauts
brought rocks from the moon
back to Earth. I) This artist’s
drawing shows the robotic
vehicle Opportunity on the
surface of Mars,

1.2 Section Assessment

8. ~ Key Concept When chemists develop new
materials, what is their general goal?

9. 0 Key Concept Name three ways chemists help
meet the dethand for energ~c

10. ~ Key Concept How do chemists help doctors
treat patients?

11. ~ Key Concept What role do chemists play
in agriculture?

12. ~ Key Concept How do chemists help protect
the environment?

13. ~ Key Concept Describe two ways that
chemists study the universe.

14. Use lead as an example to explain the meaning of
the term pollutant.

15. Use an example to compare and contrast the
terms macroscopic and microscopic.

Hand . ok

Cleaning Up Pollutants Read about phytoremedia
tion on page R44. Write a paragraph summarizing
this method for dealing with pollutants. Explain
how it could be used to clean up soil containing
high levels of lead.

Textbook
Assessment 1.2 Test yourself
on the concepts in Section 1.2.

wIthChemASAP
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Technology & Society

Nature’s Pharmacy
About 40 percent of all modern medicines come from chemicals

identify the effective, or active, ingredient. Then they must purify
the chemical and show that it is safe for human use. Chemists
often modify a chemical to make it more effective or less toxic.
Applying Concepts Are the chemicals derived from plants
and animals organic orinorgank?

Foxglove
Digitalis purpurea
The poison produced by this
plant (digitalis) is used in small
doses to treat congestive heart
failure. It causes heart muscle
cells to contract with more power,
which increases the ability of the
heart to pump blood.

1.
‘ ~ti~

vi ‘.~

‘a

Cinchona tree
Cinchona succirubra
Bark from this tree was used
for centuries to treat malaria,
a disease with recurring
bouts of fever and chills.
The active ingredient in the
bark is quinine—the chemical
that gives tonic water
its bitter taste.

I

Willow bark
Salix babylonica
For centuries, people made a tea from
willow bark to treat headaches and
other ailments. By 1828, chemists had
isolated the active ingredient in willow
bark. For the next 70 years, chemists
worked to produce the most effective
drug based on this chemical.What they
produced is aspirin (acetylsalicylic acid).

produced by plants or animals.With any source, chemists must first

-C

I

.4

1~

~1’
c

0

C
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Death stalker scorpion -

Lelurus quinquestriatus
This scorpion’s narrow / ~
pincers are weak, but the -

venom in its tail is very Vampire bat
powerful. Scientists have Desmodus rotundus
isolated a chemical from After this bat bites an animal with its sharp teeth, it laps
this venom, which is used up blood from the wound. A chemical in the bat’s saliva
to treat an incurable form keeps the blood from clotting. Doctors use this chemical
of brain cancer. to dissolve blood clots that cause strokes.

Cone snail
Con us striatus

~ Cone snails produce toxins that
paralyze their prey. Chemists are
studying these toxins as possible

( r’ treatments for chronic pain and
nervous system disorders, such

~ - as Parkinson’s disease.

Poison dart frogs
Dendrobates reticulotus
Poisons from the food these
tiny (1/2-inch-long) frogs eat
collect in their skin. Chemists
use these poisons to study
the human nervous system.
A chemical found in a frog
from Ecuador served as a
model for a drug that is as
powerful a painkiller as
morphine but is not addictive.

Nature’s Products Can Be Harmful
Chemicals from natural sources are
not always effective or harmless.
In 2004,the FDA banned weight-loss
products based on the herb ephedra.
This herb contains the chemical
ephedrine, which is associated with
increased blood pressure,abnormal
heart rates, a higher risk of stroke,
and even death.
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Thinking Like a Scientist

Connecting to Your World In 1928, Alexander Fleming, a

Scottish scientist noticed that a bacteria he was studying 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 importance. He assumed that
the mold had released a chemical that pre
vented the growth of the bacteria.That
chemical was penicillin, which can kill a
wide range of harmful bacteria. In 1945,
Fleming shared a Nobel Prize for Medicine
with Howard Florey and Ernst Chain, who
led the team that isolated penicillin. In this
section you will study the methods scientists
use to solve problems.

Alchemy
The word chemistry comes from alchemy. Long before there were chemists,
alchemists were studying matter. Alchemy arose independently in many
regions of the world. It was practiced in China and India as early as 400 B.C.
In the eighth century Arabs brought alchemy to Spain, from where it
spread quickly to other parts of Europe.

Alchemy had a practical side and a mystical side. Practical alchemy
focused on developing techniques for working with metals, glass, and dyes.
Mystical alchemy focused on concepts like perfection. Because gold was
seen as the perfect metal, alchemists were searching for a way to change
other metals, such as lead, into gold. Although alchemists did not succeed
in this quest, the work they did spurred the development of chemistry.

0 Alchemists developed the tools and techniques for working wIth
chemicals. Alchemists developed processes for separating mixtures and
purifying chemicals. They designed equipment that is still used today,
including beakers, flasks, tongs, funnels, and the mortar and pestle in
Figure 1.15. What they did not do was provide a logical set of explanations
for the changes in matter that they observed. That task was left for chemists
to accomplish.

Guide for Reading

S

O Key Concepts
• How did alchemy lay the

groundwork for chemistry?
• How did Lavoisier help to

transform chemistry?
• what are the steps in the

scientific method?
• what role do collaboration

and communication play
in science?

Vocabulary
scientific method
observation
hypothesis
experiment
manipulated variable
responding variable
theory
scientific law

Reading Strategy
Building Vocabulary After
you read this section, explain
the difference between a theory
and a scientific law.

Figure 1.15 A bowl-shaped mortar and a
club-shaped pestle are used to grind or
crush materials such as herbs, spices, and
paint pigments. The mortar and pestle in
the photograph are made of porcelain,
which is a hard material.
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An Experimental Approach to Science
By the 1500$ in Europe, there was a shift from alchemy to science. Science
flourished in Britain in the 1600s, partly because King Charles II was a
supporter 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.

In France, Antoine-Laurent Lavoisier did work in the late 1700s
that would revolutionize the science of chemistry. © Lavoisler helped
to transform chemistry from a science of observation to the science of
measurement 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 materials burn because they contain phlogiston, which is released into Figure 1,16 This portrait of
the air as a material burns. To support this explanation, scientists had to Antoine Lavoisier and his wife
ignore the evidence that metals can gain mass as they burn. By the time Marie Anne was painted by

• . . . . . . Jacques Louis David in 1788.Lavoisier did his expenments, he knew that there were two main gases in The painting includes some
air—oxygen and nitrogen. Lavoisier was able to show that oxygen is equipment that Lavoisier used
required for a material to burn. Lavoisier’s wife Marie Anne, shown in in his experiments.
Figure 1.16, helped with his scientific work. She made drawings of his exper
iments and translated scientific papers from English. Figure 1.17 shows a
reconstruction of Lavoisier’s laboratory in a museum in Paris, France.

At the time of the French Revolution, Lavoisier was a member of the
despised royal taxation commission. He took the position to finance his
scientific work. Although he was dedicated to improving the lives of the
common people, his association with taxation made him a target of the
revolution. In 1794 he was arrested, tried, and beheaded.

c9J’~heckpoint) What long-standing debate did Lavoisier help settle?

Figure 1.17 This reconstruction
of Lavoisier’s laboratory is in a
museum in Paris, France.
Interpreting Photographs
What objects do you recognize
that are similar to objects that
you use in the laboratory?
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The Scientific Method
A Nobel Prize winner in science once said that science is about “ordinary
people doing ordinary things.” Scientists have a powerful tool that they can
use to produce valuable, sometimes spectacular, results. Like all scientists,
the biochemist shown in Figure 1.18 is using the scientific method to solve
difficult problems. The scientific method is a logical, systematic approach
to the solution of a scientific problem. ® Steps In the scientific method
include making observations, testing hypotheses, and developing theories.
Figure 1.19 shows how these steps fit togetheL

Making Observations The scientific method is useful for solving many
kinds of problems because it is closely related to ordinary common sense.
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’s wrong with
the flashlight?

Figure 1.18 Observation is an Testing Hypotheses If you guess that the batteries are dead, you are
essential step in the scientific making a hypothesis. A hypothesis is a proposed explanation for an obser
method. vation. You can test your hypothesis by putting new batteries in the flash

light. If the flashlight lights, you can be fairly certain that your hypothesis is
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. You

Word Origins can replace the bulb to test this hypothesis.
Experiment contains the Replacing the bulb is an experiment, a procedure that is used to test a
Latin root pen, meaning “to hypothesis. When you design experiments, you deal with variables, or fac
try or test.” The words expert tors that can change. The variable that you change during an experiment is
and experience contain the the manipulated variable, or independent variable. The variable that is
same root. How could observed during the experiment is the responding variable, or dependent
experiments provide the variable. If you keep other factors that can affect the experiment from
experience for someone to changing during the experiment, you can relate any change in the respond-
become an expert? ing variable to changes in the manipulated 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
procedures along with their results.

n n
• servations Hypothesis Experiments Theory

A hypothesis may Atheory is tested by
be revised based on more experiments and
experimental data. modified if necessary.

Figure 1.19 The steps in the
scientific method do not have to Scientific Law
occur in the order shown.
Comparing and Contrasting Summarizes the results
How are a hypothesis and a theory of many observations
similar? How are they different? and experiments.
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Quick LAB

Bubbles!

Purpose
To test the hypothesis that
bubble making can be
affected by adding sugar or
salt to a bubble-blowing
mixture.

Materials
• 3 plastic drinking cups
• liquid dish detergent
• measuring cup and

spoons
• water
• table sugar
• table salt
• drinking straw

Procedure ~3
1. Label three drinking cups 1,2, and 3.

Measure and add one teaspoon of
liquid dish detergent to each cup. Use
the measuring cup to add two thirds
of a cup of water to each drinking
cup.Then swirl the cups to form a
clear mixture. CAUTION Wipe up any
spills immediately so that no one will slip
and fall.

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

3. Dip the drinking straw into cup 1,
remove it, and blow gently into the
straw to make the largest bubble you
can. Practice making bubbles until you
feel you have reasonable control over
your bubble production.

4. Repeat Step 3 with the mixtures in
cups 2 and 3.

Developing Theories 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 observa
tions. In chemistry, one theory addresses the fundamental structure of
matter. This theory is very useful because it helps you form mental pictures
of objects that you cannot see. Other theories allow you to predict the
behavior of matter.

When scientists say that a theory can never be proved, they are not say
ing that a theory is unreliable. They are simply leaving open the possibility
that a theory may need to be changed at some point in the future to explain
new observations or experimental results.

Scientific Laws Figure L19 shows how scientific experiments can lead to
laws as well as theories. A scientific law is a concise statement that summa
rizes the results of many observations and experiments. In Chapter 14, you
will study laws that describe how gases behave. One law describes the rela
tionship between the volume of a gas in a container and its temperature. 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 relationship it
describes. That explanation requires a theory.

®~heckpoint 1 When can a hypothesis become a theory?

cc?~
I /INKSI

For: Links on Scientific
Methods I

Visit: www.SciLinks.org
1~Web Code: cdn-1012)

~1
Analyze and Conclude
1. Did you observe any differences in

your ability to produce bubbles using
the mixtures in cup 1 and cup 2?

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

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

4. Propose another hypothesis related
to bubble making and design an
experiment to test your hypothesis.

Section 1.3 Thinking Like a Scientist 23



Collaboration and Communication
No matter how talented the players on a team, 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 1.20. In vol
leyball, 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 so 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 collaborate and conununicate, they increase the likelihood of a
successful outcome.

Collaboration Scientists choose to collaborate for different reasons. For
example, some research problems are so complex that no one person could
have all the knowledge, skills, and resources to solve the problem. It is often
necessary to bring together individuals from different disciplines. Each sci
entist will typically bring different knowledge and, perhaps, a different
approach to bear on 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
Figure 1.20 For a volleyball industry may give a university funding for pure research in an area of inter-
team to win, the players must . . .

collaborate, or work together. est to the industry. Scientists at the university get the equipment and the
time required to do research. In exchange, the scientists provide ideas and
expertise. The industry may profit from its investment by marketing appli
cations 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 1.21, you will likely work on a
team in the laboratory. If so, you may face some challenges. But you can
also experience the benefits of a successful collaboration.

Figure 1.21 Working in a group
can be challenging, but it can
also be rewarding.
Applying Concepts What
steps in the scientific method
are these students using?
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Communkation The way that 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 latest work of their members.
When societies began to publish journals, scientists could use the
journals to keep up with new discoveries.

Today, many scientists, like those in Figure 1.22, 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 interna
tional conferences. Scientists still publish their results in scientific
journals, which are the most reliable source of information about
new discoveries. Articles are published only after being reviewed
by experts in the author’s field. Reviewers may find errors in exper
imental design or challenge the author’s conclusions. This review
process is good for science because work that is not well founded
is usually not published.

The Internet is a major source of information. One advantage
of the Internet is that anyone can get access to its information. One
disadvantage is that anyone can post information on the Internet
without first having that information reviewed. To judge the
reliability of information you find on the Internet, you have to con
sider the source. This same advice applies to articles in news
papers and magazines or the news you receive from television. If a
media outlet l~ a reporter who specializes in science, chances are
better that a report will be accurate.

Figure 1.22 Communication
between scientists can occurface
to face. These chemists are using
the model projected on the
screen to discuss the merits of
a new medicine.

1.3 Section Assessment

16. © Key Concept What did alchemists contribute
to the development of chemistry?

17. ® Key Concept How did Lavoisier revolutionize
the science of chemistry?

18. © Key Concept Name three steps in the
scientific method.

19. ® Key Concept Explain why collaboration and
communication are important in science.

20. How did Lavoisier’s wife help him to communi
cate the results of his experiments?

21. Why should a hypothesis be developed before
experiments take place?

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

23. What is the difference between a theory and
a hypothesis?

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

25. 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.

Connecting ~ Concepts

Being an Informed Citizen 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.

r Textbook
Assessment 1.3 Test yourself
on the concepts in Section 1.3.

with ChemASAP
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Small-Scale
LAB

Laboratory Safety
Purpose
To demonstrate your knowledge of safe laboratory practices.

Procedure
While doing the chemistry experiments in this textbook,you
will work with equipment similar to the equipment shown in
the photographs.Your success, and your safety, will depend
on fol lowing instructions and using safe laboratory practices.
To test your knowledge of these practices,answer the ques
tion after each safety symbol. Refer to the safety rules in
Appendix D and any instructions provided by your teacher. When should safety

L~ goggles be worn?

~ What should you do
if glassware breaks?

What precautions should
you take when working
near an open flame?

~ If you accidentally spill
water near electrical
e uipment, what
shou d you do?
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Guide for Reading

O Key Concepts
• What isa general approach to

solving a problem?
• What are the three steps for

solving numeric problems?
• What are the two steps for

solving conceptual problems?

Figure 1.23 A shopper must
make many decisions. Some of
those decisions are based on
data, like the information on a
food label.

connécdqg’tqYopyW6rfri ~‘ Shape-sorter toys fascinate

young children.Typically, the children try placing a shape in different
holes until they find the right one.They may try to
place an incorrect shape in the same hole over
and over again. An older child has enough
experience to place the correct shape in
each hole on the first try.The trial-and-error
approach used by young children is one
method ofproblem solving, but it is
usually not the best one. In this section,
you will learn effective ways io solve
problems in chemistry.

Skills Used in Solving Problems
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 lots 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 1.23 is reading the
label on a can while trying to decide whether to buy the item. She may need
to avoid certain ingredients because of a food allergy. Or she may want to
know the amount 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 or cooking or planning a party.
0 Effective problem solving always Involves developing a plan and
then implementing that plan.

it’

Problem Solving in Chemistry

Reading Strategy
Identifying Main Idea/Details
Under the heading Solving
Numeric Problems,there are three
main ideas presented as subheads.
As you read, list two details that
support each main idea.

LI
C,
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Solving Numeric Problems
Because measurement is such an important part of chemistr3c most word
problems in chemistry require some math. 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 effective. So 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 1.24 summarizes the three-step process and Sample Problem Li
shows how the steps work in a problem.

0 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 the unknown). What is known may be a measurement. Or it may
be an equation that shows a relationship between measurements. If you
expect the answer (the unknown) to be a number, you need to determine
what units the answer should have before you do any calculations.

After you identify the known and the unknown, you need to make a
plan for getting from the known to 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
identify a relationship between a known quantity and the unknown. You
may need to select an equation that you can use to calculate the unknown.

S Calculate If 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. Or you may need to rear
range an equation before you can solve for an unknown. However, you will
be taught these math skills as needed. There will also be reminders
throughout the textbook to use the Math Handbook in Appendix C.

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?
It helps to round off the numbers and make an estimate of the answer. If
the answer is much larger or much smaller than your estimate, check your
calculations.

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

c9~~Checkpoi~~] I-low can making an estimate help you evaluate an answer?

0 Figure 1.24 This flowchartsummarizes the steps for
An lyze Calculate Evaluate solving a numeric problem.

Predicting In which step do

you make a plan for getting
from what is known to what
is unknown?
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This view of Indianapolis,
Indiana, shows part of the
historic central canal in White
River State Park.

—r

a

SAMPLE PROBLEM 1.1

~1

Estimating Walking Time
You are visiting Indianapolis for the first time. Because it is a nice day,
you decide to walk from the Indiana State Capital to the Murat Centre
for an afternoon performance. According to the map in Figure 1.25, the
shortest route from the capital to the theater is 8 blocks. How many
minutes will the trip take if you can walk one mile in 20 minutes?
Assume that 10 short city blocks equals one mile.

Analyze List the knowns and the unknown.

Knowni
• distance to be traveled = 8 blocks
• walking speed = 1 mile /20 minutes
• 1 mile = 10 blocks

Unknown
• time of trip = ? minutes

This problem is an example of what is typically called a conversion
problem. In a conversion problem, one unit of measure (in this case,
blocks) must be expressed in a different unit (in this case, minutes).

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

3 Evaluate Does the result make sense?
The answer seems reasonable, 16 minutes to walk 8 short blocks. The
answer has the correct unit. The relationships used are correct.

Practice Problems

Textbook
Problem-Solving 1.27
Solve Problem 27 with the help
of an interactive guided tutorial.

wIthCheIflASAP

26. Using the information in the 27. There is an ice cream shop
sample problem, how many 6 blocks north of your hotel.
short blocks can be walked How many minutes will it
in 48 minutes? take to walk there and back?
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Figure 1.25 Refer to this map of
Indianapolis, Indiana, while you
do Sample Problem 1.1.
Interpreting Diagrams
In the section ofdowntown
bounded by north, east, south,
and west streets, the main
streets and avenues are named
for states. What are the five
exceptions to this pattern?

Solving Conceptual Problems
Not every word problem in chemistry requires calculations. Some prob
lems ask you to apply the concepts you are studying to a new situation.
In this text, these nonnumeric problems are labeled conceptual problems.
To solve a conceptual problem, you stifi 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. But if your answer is not a num
ber, you do not need to check the units, make an estimate, or check your
calculations.

The three-step problem-solving approach is modified for conceptual
problems. 0 The steps for solving a conceptual problem are analyze and
solve. Figure 1.26 summarizes the process, and Conceptual Problem 1.1 on
the next page shows how the steps work in an actual problem.

0
nalyze

0
c~zi

Figure 1.26 This flowchart
shows the two steps used for
solving a conceptual problem.
Comparing and Contrasting
With a conceptual problem, why
is the second step called Solve
rather than Calculate?
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Properties of Matter

connecting to Your World The more than 1200 species

of bamboo belong to a family of grasses that includes wheat and corn.
In tropical regions, bamboo plants grow rapidly to great heights.

The tender shoots of some bamboo plants are a
favorite food of pandas. People use the

woody stems of mature plants to make
furniture, fishing rods, and flooring.
Because bamboo is inexpensive and
abundant disposable chopsticks are

usually made from bamboo. Bamboo has
properties that make it a good choice for

use in chopsticks. It has no noticeable odor
or taste. It is hard, yet easy to split, and it is

heat resistant. In this section, you will learn how
properties can be used to classify and identify matter.

Describing Matter
Understanding matter begins with observation and what you observe
when you look at a particular sample of matter is its properties. Is a solid
shiny or dull? Does a liquid flow quickly or slowly? Is a gas odorless or does
it have a smell? ® Properties used to describe matter can be classified as
extensive or intensive.

Extensive Properties Recall that matter is anything that has mass and
takes up space. The mass of an object is a measure of the amount of matter
the object contains. The mass of a bowling ball with finger holes is five or
six times greater than the mass of the bowling ball shown in Figure 2.1,
which is used to play a game called candlepins.’There is also a difference in
the volume of the balls. The volume of an object is a measure of the space
occupied by the object. Mass and volume are examples of extensive prop
erties. An extensive property is a property that depends on the amount of
matter in a sample.

Intensive Properties There are properties to consider when selecting a
bowling ball other than mass. Beginning bowlers want a bowling ball that is
likely to maintain a straight path. They use bowling balls with a hard sur
face made from polyester. Experienced bowlers want a bowling ball they
can curve, or hook, toward the pins. Often, they use a polyurethane ball,
which has a softer surface. Hardness is an example of an intensive property.
An intensive property is a property that depends on the type of matter in a
sample, not the amount of matter.

Figure 2.1 This bowling ball and candlepin are
used in a game played mainly in New England.

Guide for Reading

® Key Concepts
• How can properties used to

describe matter be classified?
• Why do all samples of a

substance have the same
intensive properties?

• What are three states of matter?
• How can physical changes be

classified?

Vocabulary
mass
volume
extensive property
intensive property
substance
physical property
solid
liquid
gas
vapor
physical change

Reading Strategy
Using Prior Knowledge Before
you read, write a definition for the
term liquid. After you read this
section, compare and contrast
the definition of liquid in the text
with your original definition.
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Figure 2.2 This gold falcon
standard from Egypt is about
3000 years old. The copper
kettles are about 150 years old.
Analyzing Data Which of the
properties listed in Table 2.1
could not be usEd to distinguish
copper from gold?

Identifying Substances
Each object in Figure 2.2 has a different chemical makeup, or composition.
The sculpture of a falcon is mainly gold. The kettles are mainly copper.
Matter that has a uniform and definite composition is called a substance.
Gold and copper are examples of substances, which are also referred to as
pure substances. ~ Every sample of a given substance has identical
intensive properties because every sample has the same composition.

Gold and copper have some properties in common, but there are dif
ferences besides their distinctive colors. Pure copper can scratch the sur
face of pure gold because copper is harder than gold. Copper is better than
gold as a conductor of heat or electric current. Both gold and copper are
malleable, which means they can be hammered into sheets without break
ing. But gold is more malleable than copper. Hardness, color, conductivity,
and malleability are examples of physical properties. A physical property is
a quality or condition of a substance that can be observed or measured
without changing the substance’s composition.

Table 2.1 lists physical properties for some substances. The states of
the substances are given at room temperature. (Although scientists use
room temperature to refer to a range of temperatures, in this book it will be
used to refer to a specific temperature, 20°C.) Physical properties can help
chemists identify substances. For example, a colorless substance that was
found to boll at 100°C and melt at 0°C would likely be water. A colorless
substance that boiled at 78°C and melted at —117°C would most certainly
not be water. Based on Table 2.1, it would likely be ethanol.

(~jheckpoint) Which is a better conductor ofelectric current—gold or copper?

Table 2.1

Physical Properties of Some Substances

Substance
Neon
Oxygen
Chlorine
Ethanol
Mercury
Bromine
Water
Sulfur
Sodium chloride
Gold
Copper

~rG~jn1ffie
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Melting Boiling
Color point 1°C) point 1°C)
colorless —249 —246
colorless —218 —183
greenish-yellow —101
colorless —117
silvery-white
reddish-brown
colorless
yellow ____________

white 1413
yellow 1064 2856
reddish-yellow 1084 2562
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States of Matter
~~nteractiavc

Depending on the circumstances, you use three different words to refer to r Textbook
water—water, ice, and steam. Water, which is a common substance, exists I
in three different physical states. So can most other substances. 0 Three ~
states of matter are solid, liquid, and gas. Certain characteristics that can of their particles.
distinguish these three states of matter are summarized in Figure 2.3. _______WIthChemASAP

Solids A solid is a form of matter that has a definite shape and volume.
The shape of a solid doesn’t depend on the shape of its container. The
particles in a solid are packed tightly together, often in an orderly arrange
ment, as shown in Figure 2.3a. As a result, solids are almost incompressible;
that is, it is difficult to squeeze a solid into a smaller volume. In addition,
solids expand only slightly when heated.

Liquids Look at Figure 2.3b. The particles in a liquid are in close contact
with one another, but the arrangement of particles in a liquid is not rigid or
orderly. Because the particles in a liquid are free to flow from one location
to another, a liquid takes the shape of the container in which it is placed.
However, the volume of the liquid doesn’t change as its shape changes. The
volume of a liquid is fixed or constant. Thus, a liquid is a form of matter that
has an indefinite shape, flows, yet has a fixed volume. Liquids are almost
incompressible, but they tend to expand slightly when heated.

Solid Liquid Gas
Definite shape Indefinite shape Indefinite shape
Definite volume Definite volume Indefinite volume

Not easily compressed Not easily compressed Easily compressed

I

e.t
6,’ P

Pfr~P.p

Figure 2.3 The arrangement of particles is different in solids,
liquids, and gases. 0 In a solid, the particles are packed closely
together in a rigid arrangement. 4~ In a liquid, the particles are
close together, but they are free to flow past one another. 9 In
a gas, the particles are relatively far apart and can move freely.
Relating Cause and Effect Use the arrangements oftheir particles
to explain the general shape and volume ofsolids and gases.
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Gases Like a liquid, a gas takes the shape of its container. But unlike a liq
uid, a gas can expand to fill any volume. A gas is a form of matter that takes
both the shape and volume of its container. Look back at Figure 2.3c. As
shown in the model, the particles in a gas are usually much farther apart
than the particles in a liquid. Because of the space between particles, gases
are easily compressed into a smaller volume.

The words vapor and gas are sometimes used interchangeably. But
there is a difference. The term gas is used for substances, like oxygen, that
exist in the gaseous state at room temperature. (Gaseous is the adjective
form of gas.) Vapor describes the gaseous state of a substance that is gener
ally a liquid or solid at room temperature, as in water vapor.

1~5’~heckpoint) When should the term vapor be used instead of gas?

Physical Changes
Figure 2.4 The silvery substance The melting point of gallium metal is 30°C. Figure 2.4 shows how heat from
in the photograph is gallium, a person’s hand can melt a sample of gallium. The shape of the sample
which has a melting point of 30°C. changes during melting as the liquid begins to flow, but the composition of
Inferring What can you infer the sample does not change. Melting is an example of a physical change.
about the temperature of the During a physical change, some properties of a material change, but the
hand holding the gallium? composition of the material does not change.

Words such as boil, freeze, melt, and condense are used to describe
physical changes. So are words such as break, split, rind, cut, and crush.
However, there is a difference between these two sets of words. Each set
describes a different type of physical change. 4~ Physical changes can be
classified as reversible or irreversible. Melting is an example of a reversible
physical change. If a sample of liquid gallium is cooled below its melting
point, the liquid will become a solid. All physical changes that involve a
change from one state to another are reversible. Cutting hair, ffling nails,
and cracking an egg are examples of irreversible physical changes.

2.1 Section Assessme

1. ® Key Concept Name two categories used to 8. Explain why samples of gold and copper can
classify properties of matter. have the same extensive properties, but not the

same intensive properties.2. ~ Key Concept Explaln why all samples of a given
substance have the same intensive properties.

3. 0 Key Concept Name three states of matter.

4. © Key Concept Describe the two categories
used to classify physical changes.

5. Which property inTable 2.1 can most easily distin
guish sodium chloride from the other solids?

6. In what way are liquids and gases alike? In what
way are liquids and solids different?

7. Is the freezing of mercury a reversible or irrevers
ible physical change? Explain your answer.
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Read about the metal indium on page R16. What is
the melting point of indium? Which other metal has
a similar melting point—gallium or gold? Provide
data to support your answer.

~jnterac []c~@r Textbook
Assessment 2.1 Test yourself
on the concepts in Section 2.1.

with ChemASAP



Hanging by a Thread
Spinnerets

magnification: 1 10,000X)
Strands in a spider web are about one tenth the diameter
of a human hair.Yet a golden orb spider web can withstand
the impact of a insect, or even a small bird,flying at high
speed because the silk in the web’s frame and spokes is
stronger than steel, more elastic than nylon, and tougher
than rubber. Scientists are always looking for lightweight
materials with these properties, but they cannot set up
farms to harvest spider silk because a spider will fight to
defend its territory. Instead, scientists use biotechnology
to produce spider silk Interpreting Diagrams Where are
the silk glands located in a spider?

Lung
Mouth Silk glan

Stomach

Spider anatomy A spider releases its silk
through spinnerets at the tip of its abdomen.

Inside each spinneret are tensor hundreds ofspigots. Silk travels from a silk gland through
a duct to a spigot. As the silk is released from
a spigot, it changes from a liquid to a solid.

I
lö I

Spider silk from goat’s milk
Scientists have identified the
spider genes that contain the
instructions for producing
silk.when these genes are
transferred to goats, the goats

Female Golden Orb Spider produce milk containing
Nephilaclavipes spider silk.Scientists separate
Body length: 24mm to 40mm the silk from the milk, purify it,

and spin it into fibers.



2.2 Mixtures

Guide for Reading

~ Key Concepts
• How can mixtures be classified?
• How can mixtures be

separated?

Vocabulary
mixture
heterogeneous mixture
homogeneous mixture
solution
phase
filtration
distillation

Reading Strategy
Building Vocabulary After you
read this section, explain the dif
ference between homogeneous
and heterogeneous mixtures.

Figure 2.5 You can choose the
amount of each item you select
from a salad bar. So your salad is
unlikely to have the same
composition as other salads
containing the same items.

Connecting to Your World In 1848, gold was discovered

in California.This discovery led to a massive migration, or rush, of
people to California. Panning is one way to
separate gold from a mixture of gold and
materials such as sand or gravel.A pan
containing the mixture is placed under
water and shaken vigorously from left
to right.This motion causes heavier
materials, such as gold, to move to
the bottom of the pan and lighter
materials, such as sand, to move to the
top where they can be swept away-In
this section, you will learn how to classify
and separate mixtures.

Classifying Mixtures
A salad bar, like the one in Figure 2.5, provides a range of items, such as
cucumbers and hot peppers. Customers choose which items to use in their
salads and how much of each item to use. So each salad has a different
composition. A mixture is a physical blend of two or more components.

Most samples of matter are mixtures. Some mixtures are easier to rec
ognize than others. You can easily recognize chicken noodle soup as a mix
ture of chicken, noodles, and broth. Recognizing air as a mixture of gases is
more difficult. But the fact that air can be drier or more humid shows that
the amount of one component of air—water vapor—can vary. Chicken
noodle soup and air represent two different types of mixtures. ~ Based
on the distribution of their components, mixtures can be classified as
heterogeneous mixtures or as homogeneous mixtures.

~wr
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Heterogeneous Mixtures Jn chicken noodle soup, the ingredients are
not evenly distributed throughout the mixture. There is likely to be more
chicken in one spoonful than in another spoonful. A mixture in which the
composition is not uniform throughout is a heterogeneous mixture.

Homogeneous Mixtures The substances in the olive oil and vinegar in
Figure 2.6 are evenly distributed throughout these mixtures. So olive oil
doesn’t look like a mixture. The same is true for vinegar. Vinegar is a mixture
of water and acetic acid, which dissolves in the water. Olive oil and vinegar
are homogeneous mixtures. A homogeneous mixture is a mixture in which
the composition is uniform throughout. Another name for a homogeneous
mixture is a solution. Many solutions are liquids. But some are gases, like
air, and some are solids, like stainless steel, which is a mixture of iron, chro
mium, and nickel.

The term phase is used to describe any part of a sample with uniform
composition and properties. By definition, a homogeneous mixture con
sists of a single phase. A heterogeneous mixture consists of two or more
phases. When oil and vinegar are mixed, they form layers, or phases, as
shown in Figure 2.6. The oil phase floats on the water phase.

____________ Olive oil Vinegar
Checkpoint) How many phases are there in a homogeneous mixture?

Figure 2.6 Olive oil and vinegar are homogeneous
mixtures. The substances in these mixtures are
evenly distributed. When olive oil and vinegar are
mixed, they form a heterogeneous mixture with
two distinct phases. Oil & vinegar

Quick LAB
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~4CONCEPTUAL PROBLEM 2.1

Separating a Heterogeneous Mixture
Sometimes plastic signs are used to mark trails used by hikers or
vehicles. The sign in the photo is used to mark locations along a
trail where an all terrain vehicle (ATV) is permitted. Aluminum
nails are used to attach signs at eye level to trees or posts. How 1
could a mixture of alumiiium nails and iron nails be separated?

Analyze Identify the relevant concepts. Solve Apply concepts to this situation.

List properties of aluminum and iron. Identify a property that canbe used to separate

Aluminum: Iron: iron and aluminum objects. The ability to be
• metal - • metal attracted by a magnet is a property that iron and
• gray color • gray color aluminum do not share. You could use a magnetto remove the iron nails from a mixture of iron
• doesnt dissolve • doesnt dissolve and aluminum nails.

in water in water
• no~ attracted • attracted to magnet

to . Aagnet

Practice Problems

9. What physical properties could be used to C, -interactive
se1~arate iron filings from table salt? ~- Textbook

10. Air is mainly a mixture of nitrogen and oxygen, Problem solving 2.10 Solve
with small amounts of other gases such as argon Problem 10 with the help of an
and carbon dioxide. What property could you interactive guided tutorial.
use to separate the gases in air? wlthChemASAP

Separating Mixtures
If you have a salad containing an ingredient you dont like, you can use a
fork to remove the pieces of the unwanted ingredient. Many mixtures are
not as easy to separate. To separate a mixture of olive oil and vinegar, for
example, you could decant, or pour off, the oil layer. Or you might cool
the mixture until the oil turned solid. The first method takes advantage of
the fact that oil floats on water. The second method takes advantage of a
difference in the temperatures at which the olive oil and vinegar freeze.

0 Differences in physical properties can be used to separate mixtures.

Filtration The colander in Figure 2.7 can separate cooked pasta from
the cooking water. The water passes through the holes in the colander, but the

/ pasta does not. The holes, or pores, in a coffee filter are smaller than the
holes in a colander to retain coffee grains. But the holes are not small
enough toretain the particles in water. The process that separates a solid
from-the liquid in a heterogeneous mixture is called filtration.

Figure 2.7 A colander is used to separate
pasta from the water in which it was cooked.
This process is a type of filtration.

46 Chapter2



— 100°C

Cold water out

/
Condenser

Steam at
100°C

Tap water
(mixture)

‘4
Cold water in Receiver

flask

Distilled
water

Figure 2.8 A distillation can be
used to remove impurities from
water. As liquid water changes
into water vapor, substances
dissolved in the water are left
behind in the distillation flask.
Inferring What can you infer
about the boiling points of
substances dissolved in the
impure water?

Distillation Tap water is a homogeneous mixture of water and sub
stances that dissolved in the water. One way to separate water from the
other components in tap water is through a process called distillation. Dur
ing a distillation, a liquid is boiled to produce a vapor that is then con
densed into a liquid. Figure 2.8 shows an apparatus that can be used to
perform a small-scale distillation.

As water in the distillation flask is heated, water vapor forms, rises in the
flask, and passes into a glass tube in the condenser. The tube is surrounded
by cold water, which cools the vapor to a temperature at which it turns back
into a liquid. The liquid water is collected in a second flask. The solid sub
stances that were dissolved in the water remain in the distillation flask
because their boiling points are much higher than the boiling point of water.

2.2 Section Assessmen

11. ~ Key Concept How are mixtures classified?

12. ~ Key Concept What type of properties can be
used to separate mixtures?

13. Explain the term phase as it relates to homoge
neous and heterogeneous mixtures.

14. Classify each of the following as a homogeneous
or heterogeneous thixture.
a. food coloring
b. ice cubes in liq tid water
c. mouthwash
d. mashed, unpeeled potatoes

15. How are a substance and a solution similar? How
are they different?

16. In general, when would you use filtration to sepa
rate a mixture? When would you use distillation to
separate a mixture?

11. Describe a procedure that could be used to
separate a mixture of sand and table salt.

Writing to Pe uade Write paragraph in support
of this tatement:.Dry ea is mixtur not as b
stan ~e nc dae at least two ieces•of ev dence o
support yo r argument.

r Textbook
Assessment 2.2 Test yourself
on the concepts in Section 2.2.

wIth ChemASAP
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Elements and Compounds

tjo&iect11iitøt6ifr.Wgk11~ Take two pounds of sugar,two

cups of boiling water, and one-quarter teaspoon of cream of tartar.
You have the ingredients to make spun sugar.
Add food coloring and you have the sticky,
sweet concoction sold at baseball games
and amusement parks as cotton candy.
Sugar isa substance that contains three
other substances—carbon, hydrogen,
and oxygen. In this section, you will
learn how substances are classified as
elements or compounds.

Distinguishing Elements and Compounds
Substances can be classified as elements or compounds. An element is the
simplest form of matter that has a unique set of properties. Oxygen and
hydrogen are two of the more than 100 known elements. A compound is a
substance that contains two or more elements chemically combined in a
fixed proportion. For example, carbon, oxygen, and hydrogen are chemi
cally combined in the compound sucrose, the sugar in spun sugar. (Some
times sucrose is referred to as table sugar to distinguish it from other sugar
compounds.) In every sample of sucrose there are twice as many hydrogen
particles as oxygen particles. The proportion of hydrogen particles to
oxygen particles in sucrose is fixed. There is a key difference between ele
ments and compounds. ® Compounds can be broken down into sim
pier substances by chemical means, but elements cannot.

Breaking Down Compounds Physical methods that are used to sepa
rate mixtures cannot be used to break a compound into simpler substances.
Boil liquid water and you get water vapor, not the oxygen and hydrogen that
water contains. Dissolve a sugar cube in water and you still have sucrose, not
oxygen, carbon, and hydrogen. This result does not mean that sucrose or
water cannot be broken down into simpler substances. But the methods
must involve a chemical change. A chemical change is a change that pro
duces matter with a different composition than the original mattef Heating

is one of the processes used to break down compounds into simpler sub
stances. The layer of sugar in Figure 2.9 is heated in a skillet until it breaks

down into solid carbon and water vapor. Can the substances that are
produced also be broken down?

Guide for Reading

O Key Concepts
• How are elements and

compounds different?
• How can substances and

mixtures be distinguished?
• What do chemists use to

represent elements and
compounds?

Vocabulary
element
compound
chemical change
chemical symbol

Reading Strategy
Relating Text and Visuals As
you read, look at Figure 2.10.
Explain how this illustration helps
you understand the relationship
between different kinds of matter.

4

~-s
~a.

Figure 2.9 When table sugar is heated, it
goes through a series of chemical changes.
The final products of these changes are
solid carbon and water vapor.

48 Chapter 2



There is no chemical process that will break down carbon into simpler Word Origins
substances because carbon is an element. Heating will not cause water to Compound comes from a
break down, but electricity will. When an electric current passes through Latin word componere,
water, oxygen gas and hydrogen gas are produced. The following diagram meaning “to put together.”
summarizes the overall process. Elements are put together,

Chemical change or chemically combined, in
compounds. What items

Sugar heat) Carbon + Water are put together in a
Compound Element Compound compound sentence?

Chemical change

electricityWater ) Hydrogen + Oxygen
Compound Element Element

Properties of Compounds In general, the properties of compounds
are quite different from those of their component elements. Sugar is a
sweet-tasting, white solid, but carbon is a black, tasteless solid. Hydrogen is
a gas, that burns in the presence of oxygen—a colorless gas that supports
burning. The product of this chemical change is water, a liquid that can
stop materials from burning. Figure 2.10 shows samples of table salt
(sodium chloride), sodium, and chlorine. When the elements sodium and
chlorine combine chemically to form sodium chloride, there is a change in
composition and a change in properties. Sodium is a soft, gray metal. Chlo
rine is a pale yellow-green poisonous gas. Sodium chloride is a white solid.

Q*heckpoi~i What process can be used to break down water? Figure 2.10 Compounds and
- the elements from which they

form have different properties.
Observing Based on the

Chlorine is used to kill photographs, describe two
harmful organisms in physical properties ofsodium
swimming pools. and two of chlorine.

Sodium chloride
(commonly known as
table salt) is used to
season or preserve food.

Sodium is stored under
oil to keep it from
reacting with oxygen
or water vapor in air.
Sodium vapor produces
the light in some
street lamps.



Distinguishing Substances and Mixtures
Deciding whether a sample of matter is a substance or a mixture based
solely on appearance can be difficult. After all, homogeneous mixtures and
substances will both appear to contain only one kind of matter. Sometimes
you can decide by considering whether there is more than one version of
the material in question. For example, you can buy whole milk, Low-fat
milk, no-fat milk, light cream, and heavy cream. From this information, you
can conclude that milk and cream are mixtures. You might infer that these
mixtures differ in the amount of fat they contain. Most gas stations offer at
least two blends of gasoline. The blends have different octane ratings and
different costs per gallon, with premium blends costing more than regular
blends. So gasoline must be a mixture.

You can use their general characteristics to distinguish subsgances
from mixtures. ~ If the composition of a material Is fixed, the material
Is a substance. If the composition of a material may vary~ the material Is
a mixture. Figure 2.11 summarizes the general characteristics qf elements,
compounds, and mixtures.

Figure 2.11 The flow chart
summarizes the process for
classif~’ing matter. Any sample . —

of matter is either an element,
a compound, or a mixture.
Interpreting Diagrams
What is the key difference
between a substance and
a solution?

Can be separated
Substance physically

finite compositio
homogeneous)

Can be separated
chemically

Ele ent Compo nd

Silver tarn ess Stee Granite
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CONCEPTUAL PROBLEM 2.2

Classifying Materials
When the blue-green solid in the photograph is heated, a colorless
gas and a black solid form. All three materials are substances. Is
it possible to classify these substances as elements or compounds?

I

0 Analyze Identify the relevant concepts.
List the known facts and relevant concepts.
• A blue-green solid is heated.
• A colorless gas and a black solid appear.
• A compound can be broken down into simpler

substances by a chemical change, but an
element cannot.

• Heating can cause a chemical change.

Practice Problems

18. Liquid A and Liquid B are clear liquids. They
are placed in open containers and allowed to
evaporate. When evaporation is complete,
there is a white solid in container B, but no
solid in container A. From these results, what
can you infer about the two liquids?

Symbols and Formulas
The common names water and table salt do not provide information about
the chemical composition of these substances. Also, words are not ideal for
showing what happens to the composition of matter during a chemical
change. ~ Chemists use chemical symbols to represent elements, and
chemical formulas to represent compounds.

Using symbols to represent different kinds of matter is not a new idea.
Figure 2.12 shows some symbols that were used in earlier centuries. The
symbols used today for elements are based on a system developed by a
Swedish chemist, Jons Jacob Berzelius (1779—1848). He based his symbols
on the Latin names of elements. Each element is represented by a one- or
two-letter chemical symbol. The first letter of a chemical symbol is always
capitalized. When a second letter is used, it is lowercase.

‘~nteractiv -

Textbook
Problem solving 2.19 Solve
Problem 19 with the help of an
interactive guided tutorial.

bon

0 gen

Figure 2.12 The symbols used
to represent elements have
changed overtime. Alchemists
and the English chemist John
Dalton (1766—1844) both
used drawings to represent
chemical elements. Today.
elements are represented by
one- or two-letter symbols.

0 Solve Apply concepts to this situation.
Determine if the substances are elements or
compounds. Before heating, there was one sub
stance. After heating there were two substances.
The blue-green solid must be a compound.
Based on the information given, it isn’t possible
to know if the colorless gas or black solid are
elements or compounds.

19. A clear liquid in an open contalner is allowed to
evaporate. After three days, a solid is left in the
container. Was the clear liquid an element, a
compound, or a mixture? How do you know?

wIth ChemASAP
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Table 2.2

Symbols and Latin Names for Some Elements

~i.

Name Symbol Latin name
Sodium natrium
Potassium kalium
Antimony stibium
Copper cuprum
Gold aurum
Silver argentum
Iron ferrum
Lead piumbum

stannum

I LINKS I
For: Unks on Element

Names
Visit: www.SciLinks.org

~Web Code: cdn-1023

If the English name and the Latin name of an element are similar, the
symbol will appear to have been derived from the English name. Examples
include Ca for calcium, N for nitrogen, and S for sulfur. Table 2.2 shows
examples of elements where the symbols do not match the English names.

Chemical symbols provide a shorthand way to write the chemical for
mulas of compounds. The symbols for hydrogen, oxygen, and carbon are
H, 0, and C. The formula for water is H20. The formula for sucrose, or table
sugar, is C12H~O11. Subscripts in chemical formulas are used to indicate the
relative proportions of the elements in the compound. For example, the
subscript 2 in H20 indicates that there are always two parts of hydrogen for
each part of oxygen in water. Because a compound has a fixed composi
tion, the formula for a compound is always the same.

2.3 Section Assessment

20. 4~ Key Concept How is a compound different
from an element?

21. ~ Key Concept How can you distinguish a
substance from a mixture?

22. © Key Concept What are chemical symbols
and chemical formulas used for?

23. Name two methods that can be used to break
down compounds into simpler substances.

24. Classify each of these samples of matter as an
element, a compound, or a mixture.
a. table sugar b. tap water
c. cough syrup d. nitrogen

25. Write the chemical symbol for each element.
b. oxygen
d. sodium
K. aluminum

26. Name the chemical elements represented by the
following symbols.
a.C b.Ca c.K d.Au e.Fe f.Cu

27. What elements make up the pain reliever
acetaminophen, chemical formula C8H902N?
Which element is present in the greatest
proportion by number of particles?

Writing Activity
.

~ Compare andcontrast aragraph ~Eornpare and ‘1
, contrast elem~en s and 2omp~odnds Gompa?e th~r~ ~

by saying how they ar~ ~like’Contrast heri{ by ~
~deknbin. hovv~ he are differeni ~ I

a. lead
c. silver
e. hydrogen

‘jnteractiver Textbook
Assessment 2.3 Test yourself
on the concepts in Section 2.3.

with CIROmASAP
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A Chemical Reactions

Con ecting to our World Iron is an element with many

desirable properties. It is abundant, easy to shape when heated,
and relatively strong, especially when mixed with carbon in steel.

Iron has one main disadvantage. Over time,
objects made of iron will rust if they are

left exposed to air.The brittle layer of rust
that forms on the surface of the object
flakes off, exposing more iron to the air.

In this section, you will learn to recognize
chemical changes and to distinguish them

from physical changes. Vocabulary
chemical property
chemical reaction

Chemical Changes
The compound formed when iron rusts is iron oxide (Fe203). Words such as
burn, rot, rust, decompose, ferment, explode, and corrode usually signify a
chemical change. The ability of a substance to undergo a specific chemical
change is called a chemical property. Iron is able to combine with oxygen to
form rust. So the ability to rust is a chemical property of iron. Chemical
properties can be used to identify a substance. But chemical properties can
be observed only when a substance undergoes a chemical change.

Figure 2.13 compares a physical change and a chemical change that
can occur in a mixture of iron and sulfur. When a magnet is used to sepa
rate iron from sulfur, the change is a physical change. The substances
present before the change are the same substances present after the
change, although they are no longer physically blended4Recall that during
a physical change, the composition of matter never changes. ~ During a
chemical change, the composition ofmatter always changes. When the mix
ture of iron and sulfur is heated, a chemical change occurs. The sulfur and
iron react and form iron sulfide (FeS).

A chemical change is also called a chemical reaction. One or more sub
stances change into one or more new substances during a chemical reaction.
A substance present at the start of the reaction is a reactant. A substance
produced in the reaction is a product. In the reaction of iron and sulfur,
iron and sulfur are reactants and iron sulfide is a product.

Figure 2.13 A mixture of iron filings and sulfur
can be changed. Q A magnet separates the iron
from the sulfur. Q Heat combines iron and sulfur
in a compound. Classifying Which change is a
chemical change? Explain.

Guide for Reading

® Key Concepts
• What always happens during a

chemical change?
• what are four possible clues

that a chemical change has
taken place?

• How are the mass of the
reactants and the mass of the
products of a chemical reaction
related?

0

precipitate
law of conservation of mass

Reading Strategy
Predicting Before you read,
predict what will happen to the
mass of a sample of matter that
burns. After you read, check the
accuracy of your prediction and
correct any misconceptions.

0
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Figure 2.14 Clues to chemical
change often have practical
applications. 0 Bubbles of
carbon dioxide gas form when a
geologist puts acid on a rock
that contains compounds called
carbonates. 0 When a test strip
is dipped in urine, the color
change is used to estimate the
level of the sugar glucose in
urine. 9 One step in the pro
duction of cheese is a reaction
that causes milk to separate into
solid curds and liquid whey.

Recognizing Chemical Changes
How can you tell whether a chemical change has taken place? There are
four clues that can serve as a guide. ® Possible clues to chemical change
include a transfer of energ~ a change In color, the production of a gas, or
the formation of a precipitate.

Every chemical change involves a transfer of energy. For example,
energy stored in natural gas is used to cook food. When the methane in nat
ural gas combines with oxygen in the air, energy is given off in the form of
heat and light. Some of this energy is transferred to and absorbed by food
that is cooking over a lit gas burner. The energy causes chemical changes to
take place in the food. The food may brown as it cooks, which is another
clue that chemical changes are occurring.

You can observe two other clues to chemical change while cleaning a
bathtub. The ring of soap scum that can form in a bathtub is an example of
a precipitate. A precipitate is a solid that forms and settles out of a liquid
mixture. Some bathroom cleaners that you can use to remove soap scum
si~art to bubble when you spray them on the scum. The bubbles are a prod
uct of a chemical change that is taking place in the cleaner.

If you observe a clue to chemical change, you cannot be certain that a
chemical change has taken place. The clue may be the result of a physical
change. For example, energy is always transferred when matter changes
from one state to another. Bubbles form when you boil water or open a
carbonated drink. The only way to be sure that a chemical change has
occurred is to test thecomposition of a sample before and after the change.
Figure 2.14 shows examples of practical situations in which different clues
to chemical change are visible.

(9~Checkpoint ~ What energy transfer takes place when food cooks?

IINKS

For: Links on Chemical
and Physical
Changes

Visit: www.SciLinks.org
Web Code: cdn-1024
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— Figure2.15 Whentheliquidsiri
photograph A are mixed, they
react. None of the products are
gases. Analyzing Data How do
you know that a reaction took
place and that mass was con

0 a served during the reaction?

Conservation of Mass
When wood burns, substances in the wood combine with oxygen from the
air. As the wood burns, a sizable amount of matter is reduced to a small pile
of ashes. The reaction seems to involve a reduction in the amount of mat
ter. But appearances can be deceiving. ~ During any chemical reaction,
the mass of the pmducts Is always equal to the mass of the reactants. ‘IWo
of the products of burning wood—carbon dioxide gas and water vapor—
are released into the air. When the mass of these gases is considered, the
amount of matter is unchanged. Careful measurements show that the total
mass of the reactants (wood and the oxygen consumed) equals the total
mass of the products (carbon dioxide, water vapor, and ash).

Mass also holds constant during physical changes. For example, when
10 grams of ice melt, 10 grams of liquid water are produced. Similar obser
vations have been recorded for all chemical and physical changes studied.
The scientific law that reflects these observations is the law of conservation
of mass. The law of conservation of mass states that in any physical change
or chemical reaction, mass is conserved. Mass is neither created nor
destroyed. The conservation of mass is more easily observed when a
change occurs in a closed container, as in Figure 2.15.

2.4 Section Assessment

28. © Key Concept How does a chemical change 34. Hydrogen and oxygen react chemically to form
affect the composition of matter? water. How much water would form if 4.8 grams

29. 4~ Key Concept Name four possible clues that of hydrogen reacted with 38.4 grams of oxygen?
a chemical change has taken place.

30. ~ Key Concept In a chemical reaction, how
does the mass of the reactants compare with the
mass of the products?

31. What is the main difference between physical
changes and chemical changes?

32. Classify the following changes as physical or
chemical changes.
a. Water boils. b. Salt dissolves in water.
c. Milk turns sour. d. A metal rusts.

33. According to the law of conservation of mass,
when is mass conserved?

Connecting N Concepts

The Scientific Method Lavoisier proposed the law
of conservation of mass in 1 789.Write a paragraph
describing, in general, what Lavoisier must have
done before he proposed this law. Use what you
learned about the scientific method in Section 1.3.

r Textbook
Assessment 2.4 Test yourself
on the concepts in Section 2.4.

with ChemASAP
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