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UNIT ONE

\ Reading and Comprehension

Chemistry As a Science

Chemical Reactions

Chemistry is especially concerned with learning and understanding the changes that take
place between chemicals, changes that we call chemical reactions. In a chemical reac-
tion, chemicals interact with each other to form entirely different substances with differ-
ent properties. Sometimes these changes can be quite dramatic, as illustrated by the re-
action of sodium with chlorine.

Sodium is a metal. Like other metals, it is shiny and conducts electricity well. Un-
like other metals, though, it is very soft and is easily cut with a knife. Notice that the
outside of the bar of sodium is coated with a white film. This was formed by the reaction
of sodium with oxygen and moisture in the air. The tendency of sodium to react rapidly
with oxygen and water makes it a dangerous chemical with which to work. Sodium reacts
violently in water, producing a lot of heat and liberating the flammable gas hydrogen. In
this same reaction sodium also forms a substance called sodium hydroxide, commonly
known as lye, which is very corrosive toward flesh. Contact of sodium with your skin
can cause severe chemical burns.

Chlorine is different from sodium in many ways. It is a pale, yellow-green gas. If
you’ve ever smelled a liquid laundry bleach such as Clorox, you have smelled chlorine,
which escapes from the bleach in small amounts. In concentrated form chlorine is espe-
cially dangerous to inhale, causing severe lung damage that can easily lead to death. In
fact. chlorine gas has been used as a weapon of war.

When metallic sodium and gaseous chlorine come together they react violently. The
substance formed in this reaction is a white powder, quite different in appearance from
either sodium or chlorine. Its chemical name is sodium chloride, although it’s known to
most people by its common name, salt.

If you think about this reaction for a moment, perhaps it will strike you as really
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quite amazing, and even a bit like magic. Here we have two chemicals, sodium and chlo-
rine, whose ingestion can produce severe medical problems or even death. Yet, when
they react with each other they form a substance our bodies cannot do without Such
startling events help make chemistry fascinating. As you study this course, perhaps you
will discover for yourself that same sense of magic that has caught the imagination of
others and produced generations of chemists.

Most chemical reactions are not quite as spectacular as the one between sodium and
chlorine. Nevertheless, they take place in us and around us all the time. We metabolize
the foods we consume, while photosynthesis creates their replacements. Chemical reac-
tions in batteries supply us with energy as does the combustion of fuels. Chemical reac-
tions in the air lead to smog. while in the upper atmosphere sunlight interacting with ga-
ses released from aerosol cans and damaged air conditioners degrades the natural ozone
layer that shields the Earth from harmful ultraviolet radiation. Understanding these re-
actions and seeking to control the ones that can be harmful to us is an important role for
chemistry in modern science and in our society.

The Scientific Method and How It Relates to Chemistry

As a science, chemistry is a dynamic subject, constantly changing as new discoveries are
made by scientists who work in university and industrial laboratories. The general ap-
proach that these scientists bring to their work is called the scientific method. It is, quite
simply, a common sense approach to developing an understanding of natural phenome-
na.

A scientific study normally begins with some observation that fires our curiosity and
raises some questions about the behavior of nature. Usually, we begin to scarch for an-
swers in the work of others who have published in scientific journals. As our knowledge
grows, we begin to plan experiments that permit us to make our own observations. Gen-
erally. these experiments are performed in a laboratory under controlled conditions so
the observations are reproducible. In fact, the ability to obtain the same results when
experiments are repeated is what separates a true science from a pseudoscience such as
astrology.

Empirical Facts and Scientific Laws

The observations we make in the course of performing our experiments provide us with
empirical facts — so named because we learn them by observing some physical, chemi-
cal, or biological system. These facts are referred to as our data. For example, if we
study the behavior of gases, such as the air we breathe, we soon discover that the volume
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of a gas depends on a number of factors, including the mass of the gas. its temperature.
and its pressure. The bits of information we record relating these factors are our data.

One of the goals of science is to organize facts so that relationships or generaliza-
tions among the data can be established. For instance, one generalization we would
make from our observations is that when the temperature of a gas rises, the gas tends to
expand and occupy a larger volume. If we were to repeat our experiments many times
with numerous different gases, we would find that this generalization is uniformly appli-
cable to them all. Such a broad generalization, based on the results of many experi-
ments, is called a law or scientific law.

Hypotheses and Theories

As useful as they may be in summarizing the results of experiments, laws can only state
what happens. They do not explain why substances behave the way they do. Human be-
ings are curious creatures, though, and we seek explanations. Therefore, after we’ve
collected and studied our data we begin to speculate about the reasons for the results of
our experiments. The tentative explanation we formulate is called a hypothesis. We use
hypothesis to make predictions of new behavior and then design experiments to test our
predictions. If the results of these new experiments prove us wrong, we must discard the
hypothesis and seek a new one. However, if our explanation survives repeated testing, it
is gradually accepted and may ultimately achieve the status of a theory. A theory is a
tested explanation of the behavior of nature. Most useful theories are broad, with many
far-reaching and subtle implications. It is impossible to perform every test that may show
such a theory to be wrong, so we can never be absolutely sure the theory is correct.

The sequence of steps just described — observation, explanation, and the testing of
an explanation by additional experiments — constitute the scientific method. Despite its
name, this method is not used only by those who call themselves scientists. An auto me-
chanic follows the same steps when fixing your car. First, tests are performed (observa-
tion) that enable the mechanic to suggest the probable cause of the problem (a hypothe-
sis). Then parts are replaced and the car is checked to see whether the problem has been
solved (testing of the hypothesis by experiment ). In short, we all use the scientific meth-
od as much by instinct as by design.

From the preceding discussion you may get the impression that scientific progress al-
ways proceeds in a dull, orderly, and stepwise fashion. This isn’t true; science is exciting
and provides a rewarding outlet for cleverness and creativity. Luck, too, sometimes
plays an important role. For example, in 1828 Frederick Woéhler. a German chemist,
was heating a substance called ammonium cyanate in an attempt to add support to one of
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his hypotheses. His experiment, however, produced an unexpected substance, which out
of curiosity he analyzed and found to be urea (a constituent of urine). This was an excit-
ing discovery, because it was the first time anyone has ever knowingly made a substance
produced only by living creatures from a chemical not having a life origin. The fact that
this could be done led to the beginning of a whole new branch of chemistry called organ-
ic chemistry. Yet, had it not been for Wohler’s curiosity and his application of the scien-
tific method to his unexpected results, the significance of his experiment might have
gone unnoticed.

As a final note, it is significant that the most spectacular and dramatic changes in
science occur when major theories are proven wrong. This happens only rarely, but
when it does occur, scientists are sent scrambling to develop new theories, and exciting
new frontiers are opened.

(Selected from Chemistry The Study of Matter and Its Changes 2™ ed. J. E.
Brady and J. R. Holum, John Wiley & Sons, Inc., New York, 1996)

Words and Expressions

sodium / 'ssudjem/ n. 4

chlorine / klorin/ n. =

sodium hydroxide k=R K

lye /lai/ n. B K
corrosive /korousiv/ a. JERCH W
bleach /blit[; blit| / n. EEA

inhale / in'heil/ v. WSL.|A
ingestion /indzestfon/ n. MR, B, 25 RO RO IR A
metabolize /msteebolaiz/ v. (R
photosynthesis / foutou'sinfosis/ n. YHEIEH
combustion / kembastfon/ n. PREE

aerosol / 'earasol/ n. WZEH|
pseudoscience / 'psjuideusaions/ n. fERE
astrology / ostroladsi/ n. HER
empirical / impirikl/ a. LA, SRR
ammonium cyanate R

urea / jusrie / n. JRZE

urine / jusrin/ n. R
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Exercise A

Refer to the text and choose the best answer for each of the following statements,

1.

According to the passage, a chemical reaction differs from other reactions in that .

a.
b.
c.
d.

there are always some new substances obtained from it
the experiment is based on observation

it is performed in university and industrial laboratories
it is always spectacular

Sodium chloride which is formed in the reaction of sodium with chlorine .

a.
b.
c.
d.

resembles sodium more than chlorine
resembles chlorine more than sodium

is different from either of the two chemicals
is different from neither of the two chemicals

By describing the reaction of sodium with chlorine, the writer intends to .

a.
b.

d.

illustrate what a chemical reaction is like

show that when two chemicals react with ecach other, they may form a substance
our bodies cannot do without

show the role chemistry plays in modern science and help readers understand
chemical reactions and seek to control the harmful ones

both a and ¢

The scientific method in chemistry concerns all of the following except .

a.
b.
c.
d.

raising questions about the behavior of nature

planning experiments so as to make one’s own observations

performing experiments in laboratories under controlled conditions

never repeating the experiments that have already been done by other scientists

According to the passage above, we can understand a scientific law as .

a. an organization of facts

b. a broad generalization based on the results of many experiments

c. the result obtained by observing some physical, chemical or biological systems
d. data collected from experiments

Usually people _ after they have collected and studied the data.

a. test the data again by experiments

b. publish their findings in scientific journals

c. try to make a hypothesis

d. start another project



