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Chapter

mmmm Chemical Foundations

hen you start your car, do you think about chemistry2 Probably not, but

you should. The power fo start your car is furnished by a lead stor 1.1 Chemisiry: An Overview
age battery. How does this battery work, and what does it containe 1.2 The Scientific Method

When a battery goes dead, what does that mean? If you use a friend’s car to 1.3 Unifs of Measurement
“jump start” your car, did you know that your battery could explode? How can 1.4  Uncertainty in Measurement
you avoid such an unpleasant possibility2 What is in the gasoline that you put 1.5 Significant Figures and Calculations
in your tank, and how does it furnish the energy to drive to school2 What is the 1.6 Dimensional Analysis
vapor that comes out of the exhaust pipe, and why does it cause air pollution2 1.7 Temperature
Your car’s air conditioner probably has a substance in it that is leading to the 1.8 Density
destruction of the ozone layer in the upper atmosphere. What are we doing 1.9 lassification of Matter
about that? And why is the ozone layer important anyway?

All these questions can be answered by understanding some chemistry. In fact,
we'll consider the answers to all these questions in this text.

Chemistry is all around you all the time. You are able to read and understand
this senfence because chemical reactions are occurring in your brain. The food
you ate for breakfast or lunch is now furnishing energy through chemical reactions.
Trees and grass grow because of chemical changes.

Chemistry also crops up in some unexpected places. When archaeologist Luis
Alvarez was studying in college, he probably didn't realize that the chemical ele-
ments iridium and niobium would make him very famous when they helped him
solve the problem of the disappearing dinosaurs. For decades scientists had
wrestled with the mystery of why the dinosaurs, after ruling the earth for millions
of years, suddenly became extinct 65 million years ago. In studying core sam-
ples of rocks dating back to that period, Alvarez and his coworkers recognized
unusual levels of iridium and niobium in these samples—levels much more char
acteristic of extraterresirial bodies than of the earth. Based on these observations

Sea anemones release a chemical alarm when attacked by a fish. This waterborne signal spreads
through the dense colony of anemones, warning each individual to draw in its tentacles and
close its mouth.



2 C(hapter One Chemical Foundations

The water in this stream in the
Great Smoky Mountains is com-
posed of hydrogen and oxygen

atoms.

Alvarez hypothesized that a large meteor may have hit the earth 65 million years
ago, raising so much dust that the dinosaurs’ food couldn't grow and they died—
almost instantly in the geologic timeframe.

Chemistry is also important to historians. Did you realize that lead poisoning
probably was a significant contributing factor to the decline of the Roman Empire?
The Romans had high exposure to lead from lead-glazed pottery, lead water
pipes, and a sweetening syrup called sapa that was prepared by boiling down
grape juice in lead-ined vessels. It turns out that one reason for sapa’s sweetness
was lead acetate (“sugar of lead”) that formed as the juice was cooked down.
lead poisoning with its symptoms of lethargy and mental malfunctions could have
certainly contributed to the demise of the Roman society.

Chemisiry is also apparently very important in defermining a person’s behav-
ior. Various studies have shown that many personality disorders can be linked di-
rectly to imbalances of trace elements in the body. For example, studies on the
inmates at Stateville Prison in lllinois link low cobalt levels with violent behavior.
Also, lithium salts have been shown to be very effective in controlling the effects
of manic depressive disease, and you've probably at some time in your life felt a
special “chemistry” for another person. Studies suggest there is literally chemistry
going on between two people who are aftracted to each other. “Falling in love”
apparently causes changes in the chemistry of the brain; chemicals are produced
that give that “high” associated with a new relationship. Unfortunately, these chem-
ical effects seem to wear off over time, even if the relationship persists and grows.

The importance of chemistry in the inferactions of people should not really
surprise us, since we know that insects communicate by emitting and receiving
chemical signals via molecules called pheromones. For example, ants have a
very complicated set of chemical signals to signify food sources, danger, efc.
Also, various female sex atfractants have been isolated and used tfo lure males
into traps to control insect populations. It would not be surprising if humans also
emitted chemical signals that we were not aware of on a conscious level. Thus
chemistry is pretty interesting and pretty important. The main goal of this text is
fo help you understand the concepts of chemistry so that you can better appre-
ciate the world around you and can be more effective in whatever career you
choose.

1.1 Chemistry: An Overview

Although we will discuss all these things in much more detail as we proceed through
this text, let’s preview here what chemistry is about. Chemistry is fundamentally
concerned with how one substance changes to another—how plants grow by absorb-
ing water and carbon dioxide, how humans manufacture the proteins we need to live
from the food we consume, how smog forms in areas with traffic congestion, how
nylon for jackets and tents is made, and on and on.

Through processes we will discuss in this text scientists have learned that the
matter of the universe is composed of atoms. It is hard to believe, but our universe
with its incredible diversity is made of only a hundred or so different types of atoms.
You can think of these approximately 100 atoms as the letters in an alphabet out of
which all the “words” in the universe are made. It is the way the atoms are organized
in a given substance that determines the properties of that substance. For example,



water, one of the most common and important substances on earth, is composed of
two types of atoms: hydrogen and oxygen. There are two hydrogen atoms and one
oxygen atom bound together to form the water molecule:

oxygen atom

A

hydrogen atom

When an electric current passes through it, water is decomposed to hydrogen and
oxygen. These chemical elements themselves exist naturally as diatomic (two-atom)
molecules:

oxygen molecule e | written O,

hydrogen molecule T written H,

We can represent the decomposition of water to its component elements, hydrogen
and oxygen, as follows:

N

/ mioarme oxygen
electric current > s

\

7

water

hydrogen

Notice that it takes two molecules of water to furnish the right number of oxygen
and hydrogen atoms to allow for the formation of the two-atom molecules. This
reaction explains why the battery in your car can explode if you jump start it
improperly. When you hook up the jumper cables, current flows through the dead
battery, which contains water (and other things), and causes hydrogen and oxygen
to form by decomposition of some of the water. A spark can cause this accumulated
hydrogen and oxygen to explode, forming water again.

e spark >

1.1 Chemistry: An Overview

3

A scientist studying the photosyn-
thesis of wheat.
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Observation
Hypothesis
f

Experiment

L

Figure 1.1

The fundamental steps of the
scientific method.

This example illustrates two of the fundamental concepts of chemistry: (1) matter
is composed of various types of atoms, and (2) one substance changes to another
by reorganizing the way the atoms are attached to each other.

These are core ideas of chemistry, and we will have much more to say about
them.

Science: A Process for Understanding Nature and Its Changes

How do you tackle the problems that confront you in real life? Think about your
trip to school. If you live in a city, traffic is undoubtedly a problem you confront
daily. How do you decide the best way to drive to school? If you are new in town,
you first get a map and look at the possible ways to make the trip. Then you might
collect information from people who know the area about the advantages and dis-
advantages of various routes. Based on this information, you probably try to pre-
dict the best route. However, you can only find the best route by trying several of
them and comparing the results. After a few experiments with the various possi-
bilities, you will probably be able to select the best way. What you are doing in
solving this everyday problem is applying the same process that scientists use to
study nature. The first thing you did was collect relevant data. Then you made a
prediction, and then you tested it by trying it out. This process contains the funda-
mental elements of science.

1. Making observations (collecting data)
2. Making a prediction (formulating a hypothesis)
3. Do experiments to test the prediction (testing the hypothesis).

Scientists call this process the scientific method. We will discuss this in more detail
in the next section. One of life’s most important activities is solving problems—not
“plug and chug” exercises, but real problems. Problems that have new facets to
them—that involve things you may have never confronted before. The more creative
you are at solving these problems, the more effective you will be in your career and
your personal life. Part of the reason for learning chemistry, therefore, is to become
a better problem solver. Chemists are usually excellent problem solvers, because to
master chemistry, you have to master the scientific approach. Chemical problems
are frequently very complicated—there is usually no neat and tidy solution. Often
it is difficult to know where to begin.

1.2 The Scientific Method

Science is a framework for gaining and organizing knowledge. Science is not
simply a set of facts but is also a plan of action—a procedure for processing and
understanding certain types of information. Scientific thinking is useful in all aspects
of life, but in this text we will use it to understand how the chemical world operates.
As we have said in our previous discussion, the process that lies at the center of
scientific inquiry is called the scientific method. There are actually many scientific
methods, depending on the nature of the specific problem under study and on the
particular investigator involved. However, it is useful to consider the following gen-
eral framework for a generic scientific method (see Fig. 1.1):



1. Making observations. Observations may be qualitative (the sky is blue; water

is a liquid) or quantitative (water boils at 100°C; a certain chemistry book

weighs 2 kilograms). A qualitative observation does not involve a number. A

quantitative observation (called a measurement) involves both a number and a

unit.

Formulating hypotheses. A hypothesis is a possible explanation for an obser-

vation.

3. Performing experiments. An experiment is carried out to test a hypothesis. This
involves gathering new information that enables a scientist to decide whether
or not the hypothesis is valid—that is, whether it is supported by the new infor-
mation learned from the experiment. Experiments always produce new obser-
vations, and this brings the process back to the beginning again.

To understand a given phenomenon, these steps are repeated many times, grad-
ually accumulating the knowledge necessary to provide a possible explanation of
the phenomenon.

Once a set of hypotheses that agrees with the various observations is obtained,
the hypotheses are assembled into a theory. A theory, which is often called a model,
is a set of tested hypotheses that gives an overall explanation of some natural
phenomenon.

It is very important to distinguish between observations and theories. An obser-
vation is something that is witnessed and can be recorded. A theory is an interpre-
tation—a possible explanation of why nature behaves in a particular way. Theories
inevitably change as more information becomes available. For example, the motions
of the sun and stars have remained virtually the same over the thousands of years
during which humans have been observing them, but our explanations—our theo-
ries—for these motions have changed greatly since ancient times. (See the Chemi-
cal Impact on Observations, Theories, and the Planets on page 7.)

The point is that scientists do not stop asking questions just because a given
theory seems to account satisfactorily for some aspect of natural behavior. They con-
tinue doing experiments to refine or replace the existing theories. This is generally
done by using the currently accepted theory to make a prediction and then per-
forming an experiment (making a new observation) to see whether the results bear
out this prediction.

Always remember that theories (models) are human inventions. They represent
attempts to explain observed natural behavior in terms of human experiences. A

Robert Boyle (1627-1691) was born in Ireland. He became especially interested
in experiments involving air and developed an air pump with which he produced
evacuated cylinders. He used these cylinders to show that a feather and a
lump of lead fall at the same rate in the absence of air resistance and that
sound cannot be produced in a vacuum. His most famous experiments involved
careful measurements of the volume of a gas as a function of pressure. In his
book The Skeptical Chymist, Boyle urged that the ancient view of elements as
mystical substances should be abandoned and that an element should instead
be defined as anything that cannot be broken down into simpler substances.
This conception was an important step in the development of modern chemistry.

1.2 The Scientific Method

5




