Thinking Like a Scientist
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Guide for Reading

& 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.
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Connectmg to Your WQf Id | 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.

(& 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.

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 is made of porcelain,
which is a hard material.



An Experimental Approach to Science

By the 1500s in Europe, there was a shift from alchemy to science. Science
flourished in Britain in the 1600s, partly because King Charles II was a
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. (& Lavoisier 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
the air as a material burns. To support this explanation, scientists had to
ignore the evidence that metals can gain mass as they burn. By the time
Lavoisier did his experiments, he knew that there were two main gases in
air—oxygen and nitrogen. Lavoisier was able to show that oxygen is
required for a material to burn. Lavoisier's wife Marie Anne, shown in
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.

(Q;Checkpoint ) What long-standing debate did Lavoisier help settle?

Figure 1.16 This portrait of
Antoine Lavoisier and his wife
Marie Anne was painted by
Jacques Louis David in 1788.
The painting includes some
equipment that Lavoisier used
in his experiments.

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. G Steps in the sclentific method
include making observations, testing hypotheses, and developing theories,
Figure 1.19 shows how these steps fit together.

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 testa
Latin root peri, 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.

Hypothesns ( Experiménts :} ”Theofy’ W )

A hypothe3|s may A theory 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
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 Procedure ﬁl

To test the hypothesis that 1. Label three drinking cups 1,2,and 3.

bubble making can be Measure and add one teaspoon of

affected by adding sugar or liquid dish detergent to each cup.Use

salt to a bubble-blowing the measuring cup to add two thirds

mixture. of a cup of water to each drinking
cup.Then swirl the cups to form a

Materia_ls iz clear mixture, CAUTION Wipe up any

o3 plastclic :’:k'ng SHp2 spills immediately so that no one will slip Anclyze and Concitrle

¢ liquid dish detergent and fall.

* measuring cup and 2, Add a half teaspoon of table sugar to W yott:.lc? orene acr;y daf;ersglces m'

Al cup 2 and a half teaspoon of table salt y: ura' id tc.> pro u1ce du e;usmg

* water to cup 3.Swirl each cup for one minute. > ;Z mmu;:::;ﬁy :i;er::;es‘ ks

. ‘ i ; . Didyou o

. ::E:: Z:f:ar SbipLs firmkmg S, Into -cup ! your ability to produce bubbles using
remove it,and blow gently into the s ;

" , the mixtures in cup 1 and cup 3?7
¢ drinking straw 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 1.19 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.

(95Checkpoint } When can a hypothesis become a theory?
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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.

/

Methods
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