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5. Take a handful of the mixture and form a ball. Squeeze and
release the ball several times.
What happens when you slowly push into the mixture with your
finger or fist? When you jab it? When you squeeze the ball? When
you release the ball? What condition seems to determine whether
the mixture behaves like a solid or a liquid? When you have
completed the chapter, return to this activity. What hypotheses
can you form? How can you test them?

CHEMISTRY
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 and
found large amounts of sulfur and sulfur dioxide. The
presence of these chemicals verified that the volcanos on lo's surface are active.
Chemistry allowed scientists to study the geology of a distant object in the solar
system. What is chemistry, and what are some of its different branches?

What Is Chemistry?
Anyone who has ever watched a toddler explore a new environment knows
that people are born with a natural curiosity about the world: a world of
vivid colors and different textures, of simple and complex objects, of things
that move and things that are permanently fixed. As the toddler grows, he
or she learns to name observable things and, as much as possible, to figure
out how they work. The desire to know more and more about the world
grows as well. This desire, a lifelong attribute, is what compels humans to
discover, build, and invent.
Chemistry is one branch of knowledge that grew from human curiosity
about the world. Chemistry is the study of the composition of matter—the
stuff things are made of—and the changes that matter undergoes. In fact,
as you can see in Figure 1.2 on page 4, the Japanese symbols that make up
the word for chemistry mean "change study."
Much of chemistry is very practical and has obvious applications to
everyday life. Perhaps you are wearing clothes made of synthetic fibers or
natural fibers that have been dyed. The pan your dinner was cooked in may
have a nonstick surface. Or perhaps you recently used nail-polish remover
or hair spray. Other aspects of chemistry are theoretical, or without everyday application. But what is theoretical one day may become practical the
next. For example, fifty years ago it would have been difficult to conceive of
the impact of plastics or computers on our everyday lives.

section 1.1
objectives
• Define chemistry and
differentiate among its
traditional divisions
• List several reasons to
study chemistry
key terms
• chemistry
• organic chemistry
• inorganic chemistry
• analytical chemistry
• physical chemistry
• biochemistry

Figure I.I
Children learn by watching and
doing. This toddler is learning
about sand and ocean water, as
well as exploring the uses of a
pail, as she experiences a day at
the beach.
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Figure I.Z
The Japanese characters for
chemistry literally mean "change
study." Chemistry concerns the
changes that matter undergoes,
such as the rusting of metal, the
transformation of liquid water to
steam, and the burning of a match.

Figure 1.3
The flowering cactus and the surrounding vegetation in this scene
contain many organic compounds;
the rocks and the mountains in the
background are made of inorganic
compounds.
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Traditionally, chemistry has been divided into five major areas of study.
Organic chemistry was originally the study of substances from living organisms. Today, with a few exceptions, organic chemistry is the study of
essentially all substances containing carbon. Inorganic chemistry specializes primarily in substances that do not contain carbon. These are mainly
substances from nonliving things. Analytical chemistry is concerned with
the composition of substances. Finding minute quantities of a particular
medication in blood requires the practice of analytical chemistry. Physical
chemistry is concerned with theories and experiments that describe the
behavior of chemicals. For example, the stretching of nylon can be explained
using the concepts of physical chemistry. Finally, biochemistry is the study
of the chemistry of living organisms. The processes of digestion, blood clotting, and respiration, to name just a few, are explained by biochemistry.
These five subdivisions of chemistry often overlap; for example, one cannot
learn the composition of an organic or inorganic substance without being
skilled in analytical chemistry.
Chemistry is central to modern science and to almost all human endeavors, as you can see from Figure 1.4. Today, many chemists work in teams
with other scientists—biologists, geologists, physicists, physiologists, physicians, and environmental scientists—as well as with engineers.

section 1.1

Why Study Chemistry?
All the wonderful people and things that fill the world around you involve
chemistry in one way or another! You are made from chemicals, and you
use chemicals every day—when you breathe, drink a glass of water, wash
your hair, or eat a snack. These common activities—and many, many
figure 1.4
Chemistry is everywhere in
your everyday life. In what ways
do these photographs "say"
chemistry to you?
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FOOD SCIENCE
Chemistry in the Kitchen
Chemical reactions underlie your
most wonderful successes (or
dismal disasters) in the kitchen.
The cut surfaces of apples,
pears, and bananas turn brown

upon exposure to oxygen in the
air. Light, fluffy cakes result
when baking powder reacts with
acid in the batter to produce carbon dioxide. When sugar is
heated, it forms dark-brown
caramel. Heating the protein
structure in eggs changes their
texture from slimy to firm when
they are boiled, scrambled, or
fried. The tasty brown coating on
the surface of roasted and grilled
meats is formed by a complex
series of chemical changes.
Although tradition governs most
of our behavior in the kitchen,
food scientists are constantly
searching for new and improved
methods to prepare, present,
and preserve food.

others—all involve chemicals and chemistry. Your natural desire to understand how these things work is perhaps the best reason to study chemistry.
Chemistry, with its focus on the workings of the natural world, helps satisfy
your need to know and understand.
Every day, you make choices: what to eat, what to wear, when and how
much to study. As a citizen of this planet you will also be asked to act on
questions of much greater importance. Is nuclear power acceptable or are
there better alternative energy sources? What are appropriate responses to
the problems of global warming and ozone depletion? Given limited
resources, what deserves more support: the space program or finding a
cure for cancer? Should experiments that involve manipulating heredity be
regulated or forbidden? Knowledge of the basics of chemistry and other
sciences can help you arrive at informed opinions and take appropriate
actions on these questions.
Although relatively few people become professional chemists, a career
in chemistry can be a satisfying one, indeed. This introductory course can
help you decide whether chemistry is a career for you. As a chemist, you
might develop new products such as textiles, paints, medicines, or cosmetics. Perhaps you would find methods to reduce pollution, clean up the
environment, or prevent the destruction of the ozone layer. You could
share your knowledge through teaching, analyzing pharmaceuticals, or
checking the quality of manufactured goods.
Very often, chemistry is used to attain a specific goal. The goal might
be to formulate a new paint or adhesive or to set up procedures for a
new medical test. Such goals are examples of applied chemistry, or chemical technology. In applied chemistry, scientific knowledge is used in
ways that can either benefit or harm people and/or the environment.
Political and social debates about the uses of scientific knowledge are
often really debates about the risks and benefits of technology. In addition to applied chemistry, there is pure chemistry. Like other pure sciences, pure chemistry accumulates knowledge for its own sake. As you
read on in this textbook, you will recognize many ways in which chemistry affects your life. And perhaps you will consider a career in chemistry!
section review 1.1

1. Match the numbered terms in the right column with the lettered terms
in the left column.
(1) life
a. technology
(2) matter and its changes
b. organic chemistry
(3) carbon
c. biochemistry
(4) applications
d. chemistry
(5) composition
e. analytical chemistry
2. List three reasons to study chemistry.
3. Explain the difference between pure and applied chemistry.
\ / \ Chem ASAP! Assessment 1.1 Check your understanding of the important
ideas and concepts in Section 1.1.
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Every autumn thousands of visitors travel to New England
to view the breathtakingly beautiful colors of the foliage.
These colors—vivid oranges, yellows, reds, and purples—
appear as the trees approach the winter months when growth

objectives
Summarize ways in which
chemistry affects your daily life
Describe the impact of
chemistry on various fields
of science

no longer takes place. The bright pigments are produced by a complex chemical
process, which depends on changes in temperature and hours of sunlight. This
process is only one of many that occur all around you—and even inside you!
What aspects of life involve chemistry?

Materials
People have used chemistry to their advantage throughout history. Almost
3000 years ago, early chemists produced iron from iron ore by heating the
ore with carbon. The invention of steel followed, in about 500 B.C. Steel
and other mixtures of metals, such as brass and bronze, are important
structural materials, as are the many recently developed ceramics. But
today is primarily the age of plastics. Plastics, also called polymers, are
gigantic molecules with many important properties. Chemists have
learned to tailor these properties to meet specific needs. The most important property of structural plastics is their high strength-to-weight ratio. A
piece of plastic with the same weight as a piece of steel may be as much as
five or six times stronger than the steel! A high strength-to-weight ratio
makes polymers perfect for the protective weaving in bullet-resistant vests
and for structural automobile body panels. The resulting reduction in the
weight of the vehicle increases fuel efficiency. An automobile contains
more than 500 pounds of polymers, if one counts the rubber, paint,
sealants, lubricants, and upholstery.

Figure 1.5
People have always used the materials of chemistry. Bronze is a mixture that has been
used since ancient times. Ceramic tiles on a space shuttle help to protect it from overheating. Light passing through optical fibers is used to transmit telephone messages. Optical
fibers are made mainly from silicon dioxide (Si02), which is found in sand.
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Figure I.6
In a continuing effort to conserve
energy, efficient outdoor lighting
methods, such as high intensity
discharge, have been a focus of
chemists. Chemists are also
helping to develop renewable
energy resources, such as solar
power and wind power, to replace
the ever-shrinking supply of
fossil fuels.
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'Your home contains a dazzling array of plastic items. Do you refrigerate leftovers in plastic food wrap, use nonstick cooking utensils, or water
the lawn with a plastic hose? Perhaps you walk on a polyester or nylon carpet. You may be wearing wrinkle-resistant clothing woven from polyester
fibers mixed with natural fibers of cotton or wool. The plumbing in your
home could be made from polyvinyl chloride (PVC) pipe, and your walls
may contain polystyrene insulation covered with a polyethylene vapor
barrier. You have probably seen lawn and patio furniture made from plastic, as well as kitchen counters covered with heat- and moisture-resistant
polymers. To repair a piece of furniture, you might use an epoxy resin
polymer to produce a bond stronger than the wood itself. Fabrics such as
nylon and Dacron™ make up many of the clothes you wear everyday.
Bowling balls, billiard balls, tennis rackets, and other sports equipment
are made from polymers. None of these materials would exist if it were not
for the efforts of chemists.
But plastics are not the only materials produced by chemists. Blackand-white and color photographs are produced by the interaction of light
with chemicals. Personal computers rely on silicon memory chips. Telephone communications are transmitted over lines made from optical
fibers. These are only a few examples, but surely you get the idea.

Energy
Population growth and increased standards of living around the globe
create ever-greater demands for energy to power homes and factories.
Where will this energy come from? There are only two ways to provide it:
conserve energy and produce more energy. Chemistry plays an essential
role in both of these options. Some methods of conserving energy are obvious, others less so. But from energy-efficient fuels to safe and effective
insulation materials to roadways lighted with sodium lamps, chemistry is
creating new and exciting energy conservation methods.

section 1.2

Figure I.7
The leaf of a green plant is an
excellent solar collector; the energy
of the sun is used to build the
chemicals for life. What is this
process called?

Energy from
sunlight

Carbon+Water Photosynthesis
Glucose + Oxygen
Most of our energy needs are filled by burning fossil
dioxide
(a sugar)
fuels. But the supply of fossil fuels is limited. Because
6C02 + 6H20 C6H1206 + 60 2
they are a nonrenewable resource, someday they will
run out. Much of the world's petroleum is difficult or impossible to extract
from Earth. However, an enormous reserve of petroleum could become
available if tar sands and oil shales were coaxed into giving up the oil they
Figure 1.8
contain. In addition, coal, lignite, and peat are potential sources of petroFrom entertainment devices to
leum products. Even garbage can be converted into natural gas. Chemists
watches to medical appliances
are currently working on these and other exciting possibilities.
such as hearing aids, batteries
Scientists are also working to provide new and perhaps inexhaustible
have numerous applications. The
sources of energy. Sunlight is the greatest source of energy available on
development of practical electric
Earth. Plants capture some of the sun's energy in the food-making process
automobiles is on the horizon.
called photosynthesis. But only about 0.1% of the energy that strikes Earth
Just imagine what life would be
is used by all the plant life in the world. Scientists are working to develop
like without batteries!
devices that efficiently convert the energy of sunlight into electrical energy.
If they succeed, the electrical energy might be used to decompose ordinary
water into hydrogen and oxygen. Hydrogen could then be burned as a
renewable and nonpolluting fuel.
The development of batteries for the storage of energy is another goal of
chemists. Early flashlight batteries, known as dry cells, did not last long in use.
Dry cells were subsequently replaced by alkaline batteries, an improved
design offering significantly longer life. The lithium-iodine battery is a recent
advancement in the ongoing evolution of the battery. The lithium-iodine
battery is an important improvement. Used in cardiac pacemakers,
lithium-iodine batteries are small and efficient and can last as long as ten
years. Electric automobiles will need powerful storage batteries to make them
a practical alternative to vehicles with internal-combustion engines. Fuel
cells under development are a promising source of pollution-free energy.

Introduction to Chemistry
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figure 1.9
The sun's energy is produced
by nuclear fusion. Nuclear power
plants produce energy by nuclear
fission.

Nuclear fission and nuclear fusion may also provide energy for the
future. Nuclear fission, the process used in nuclear power plants, has been
responsible for some serious nuclear accidents. However, if scientists learn
enough about containing and controlling nuclear reactions and disposing
of the waste, nuclear power may again achieve prominence as an energy
source. Nuclear fusion, the process that produces the sun's energy, could
be pollution-free. Research into producing energy from nuclear fusion on
Earth is in its infancy. Scientists are currently concerned with methods for
producing and containing the energy of nuclear fusion.

Medicine and Biotechnology
Every year, the chemical industry produces millions of pounds of such medically important substances as vitamin C, penicillin, and aspirin. However,
the synthesis of vitamins and medicines is far from the only role that chemistry plays in the health and biological sciences. No endeavors have
benefited more from advances in chemistry than medicine and biotechnology. Much of this benefit derives from the ability of scientists to determine
the spatial arrangement of atoms in complex biological molecules such as
proteins. Many medicines are effective because they interact in a very specific way with biological molecules. Knowledge of the molecular structure of
the target biological molecule greatly assists the design of safe and effective
drug molecules. Medicines to reduce high blood pressure, high blood cholesterol, and some cancers have been developed in this way.
Chemistry is also providing new materials for medical applications.
Diseased or weakened arteries can be replaced surgically with tubes made
of Dacron™ polymers. Hipbones are replaced by substitutes made from
metal alloys, or mixtures, of tungsten and cobalt. Much progress has been
made in the development of synthetic blood and skin.
Genes, the units of heredity in living organisms, are composed of
deoxyribonucleic acid (DNA). The discovery of DNA's molecular structure
and of many of the details of its role in heredity has resulted in major
advances in biology and biotechnology. With the information gathered
thus far and the continuing efforts of the Human Genome Project, scientists worldwide expect to be able to identify and determine the molecular
structures of all human genes. Such knowledge will have significant applications in medicine, genetics, agriculture, and even economics!
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