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Chapter 1A Chemistry: The Study of Change

m Chemistry: A Science for the Twenty-First Century

Chemistry is the study of matter and the changes it undergoes. Chemistry is often
called the central science, because a basic knowledge of chemistry is essential for
students of biology, physics, geology, ecology, and many other subjects. Indeed, it is
central to our way of life; without it, we would be living shorter lives in what we
would consider primitive conditions, without automobiles, electricity, computers, CDs,
and many other everyday conveniences.

@ The Scientific Method

All sciences, including the social sciences, employ variations of what is called the
scientific method, a systematic approach to research. For example, a psychologist
who wants to know how noise affects people’s ability to learn chemistry and a chem-
ist interested in measuring the heat given off when hydrogen gas burns in air would
follow roughly the same procedure in carrying out their investigations. The first step
is to carefully define the problem. The next step includes performing experiments,
making careful observations, and recording information, or data, about the system—
the part of the universe that is under investigation. (In the examples just discussed.
the systems are the group of people the psychologist will study and a mixture of
hydrogen and air.)

The data obtained in a research study may be both gqualitative, consisting of
general observations about the system, and quantitative, comprising numbers obtained
by various measurements of the system. Chemists generally use standardized symbols
and equations in recording their measurements and observations. This form of repre-
sentation not only simplifies the process of keeping records, but also provides a com-
mon basis for communication with other chemists.



When the experiments have been completed and the data have been recorded, the
next step in the scientific method is interpretation, meaning that the scientist attempts
to explain the observed phenomenon. Based on the data that were gathered, the
researcher formulates a hypothesis, a tentative explanation for a set of observations.
Further experiments are devised to test the validity of the hypothesis in as many ways
as possible, and the process begins anew. Figure 1.3 summarizes the main steps of
the research process.

After a large amount of data has been collected, it is often desirable to sum-
marize the information in a concise way, as a law. In science. a law 1s a concise
verbal or mathematical statement of a relationship between phenomena that is
always the same under the same conditions. For example, Sir Isaac Newton’s sec-
ond law of motion. which you may remember from high school science, says that
force equals mass times acceleration (F = ma). What this law means is that an

Hypotheses that survive many experimental tests of their validity may evolve into
theories. A theory is a unifying principle that explains a body of facts and/or those
laws that are based on them. Theories, too, are constantly being tested. If a theory is
disproved by experiment, then it must be discarded or modified so that it becomes
consistent with experimental observations. Proving or disproving a theory can take
years, even centuries, in part because the necessary technology may not be available.
Atomic theory, which we will study in Chapter 2, is a case in point. It took more than
2000 years to work out this fundamental principle of chemistry proposed by Dem-
ocritus, an ancient Greek philosopher. A more contemporary example is the search
for the Higgs boson discussed on page 6.

m Classifications of Matter

We defined chemistry in Section 1.1 as the study of matter and the changes it under-
goes. Matter is anything that occupies space and has mass. Matter includes things
we can see and touch (such as water, earth, and trees), as well as things we cannot
(such as air). Thus, everything in the universe has a “chemical” connection.



Substances and Mixtures

A substance is a form of matter that has a definite (constant) composition and distinct
properties. Examples are water, ammonia, table sugar (sucrose). gold. and oxygen.
Substances differ from one another in composition and can be identified by their
appearance, smell, taste, and other properties.

A mixture i1s a combination of two or more substances in which the substances
retain their distinct identities. Some familiar examples are air, soft drinks. milk, and
cement. Mixtures do not have constant composition. Therefore, samples of air col-
lected in different cities would probably ditfer in composition because of differences
in altitude, pollution, and so on.

Mixtures are either homogeneous or heterogenecous. When a spoonful of sugar
dissolves in water we obtain a homogeneous mixture in which the composition of the
mixture is the same throughout. 1f sand i1s mixed with iron filings, however, the sand
grains and the iron filings remain separate (Figure 1.4). This type of mixture is called
a heterogeneous mixture because the composition is not uniform.

Any mixture, whether homogeneous or heterogeneous, can be created and then
separated by physical means into pure components without changing the identities
of the components. Thus, sugar can be recovered from a water solution by heating
the solution and evaporating it to dryness. Condensing the vapor will give us back
the water component. To separate the iron-sand mixture, we can use a magnet to
remove the iron filings from the sand, because sand is not attracted to the magnet
[see Figure 1.4(b)]. After separation, the components of the mixture will have the
same composition and properties as they did to start with.

Elements and Compounds

Substances can be either elements or compounds. An element is a substance that
cannot be separated into simpler substances by chemical means. To date, 118 ele-
ments have been positively identified. Most of them occur naturally on Earth. The
others have been created by scientists via nuclear processes, which are the subject of
Chapter 19 of this text.

Atoms of most elements can interact with one another to form compounds.
Hydrogen gas, for example, burns in oxygen gas to form water, which has proper-
ties that are distinctly different from those of the starting materials. Water is made
up of two parts hydrogen and one part oxygen. This composition does not change,
regardless of whether the water comes from a faucet in the United States, a lake in
Outer Mongolia, or the ice caps on Mars. Thus, water is a compound, a substance
composed of atoms of two or more elements chemically united in fixed proportions.
Unlike mixtures, compounds can be separated only by chemical means into their
pure components.
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Figure 1.5 Ciassification of matter.

m The Three States of Matter

All substances, at least in principle, can exist in three states: solid, liquid, and
gas. As Figure 1.6 shows, gases differ from liquids and solids in the distances
between the molecules. In a solid, molecules are held close together in an orderly
tashion with little freedom of motion. Molecules in a liquid are close together but
are not held so rigidly in position and can move past one another. In a gas, the
molecules are separated by distances that are large compared with the size of the
molecules.

The three states of matter can be interconverted without changing the composition
of the substance. Upon heating, a solid (for example, ice) will melt to form a liquid
(water). (The temperature at which this transition occurs is called the melting point.)
Further heating will convert the liquid into a gas. (This conversion takes place at the
boiling point of the liquid.) On the other hand, cooling a gas will cause it to condense
into a liquid. When the liquid is cooled further, it will freeze into the solid form.
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m Physical and Chemical Properties of Matter

Substances are identified by their properties as well as by their composition. Color,
melting point, and boiling point are physical properties. A physical property can be
measured and observed without changing the composition or identity of a substance.
For example, we can measure the melting point of ice by heating a block of ice and
recording the temperature at which the ice is converted to water. Water differs from
ice only in appearance, not in composition, so this is a physical change; we can freeze

On the other hand. the statement “Hydrogen gas burns in oxygen gas to form
water” describes a chemical property of hydrogen, because to observe this property
we must carry out a chemical change, in this case burning. After the change, the
original chemical substance, the hydrogen gas, will have vanished, and all that will
be left is a different chemical substance—water. We cannot recover the hydrogen from
the water by means of a physical change. such as boiling or freezing.






