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Chapter 3

Elements of Chemistry
THE MAIN IDEA

    ^ Gold and diamond are elements in that they each consist of only one type of atom.

Elements combine to form compounds, 
which blend together to form mixtures

Chapter 1 introduced 9 key terms, Chapter 2 provided 
28, and in this chapter you’ll find another 26. Why 
all these new terms? In the laboratory, chemists 
perform experiments, make many observations, 
and then draw conclusions. Over time, the result is 
a growing body of new knowledge that inevitably 
exceeds the capacity of everyday language. New 
terms are needed as we attempt to describe the 
nature of matter beyond its casual appearance. 

 Instead of just memorizing the formal 
definitions of terms, you will serve yourself better 
by making sure that you understand the underlying 
concepts. Practice articulating and paraphrasing 
these concepts aloud to yourself or to a friend without 
looking at the pages of this book. When you are able 
to express these concepts in your own words, you will 
have the insight to do well in this course and beyond.

Properties that describe the look or feel of a substance, such as color, hardness, density, 
texture, and phase, are called physical properties. Every substance has its own set of 
characteristic physical properties that we can use to identify that substance (Figure 3.1). 

< Figure 3.1
Gold, diamond, and water can 
be identified by their physical 
properties.
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 The physical properties of a substance can change when 
conditions change, but that does not mean a different substance 
is created. Cooling liquid water to below 0°C causes the water to 
change to ice, but the sub- stance is still water, no matter what the 
phase. The only difference is the orientation of the H2O molecules 
and how rapidly they are moving. In the liquid phase, the water 
molecules tumble around one another, whereas in the ice phase, 
they vibrate about fixed   positions.  Water freezing is an example 
of what chemists call a physical change. During a physical 
change, a substance changes its phase or some other physical 
property but not its chemical identity, as shown in Figure 3.2.
 Chemical properties are those that characterize the ability of 
a sub- stance to react with other substances or to transform from one 
substance to another. Figure 3.3 shows three examples. The methane 
of natural gas reacts with oxygen to produce carbon dioxide and 
water, along with appreciable heat energy. Baking soda reacts with 
vinegar to produce carbon dioxide and water while absorbing a small 

 ^  Figure 3.2
Two physical changes. (a) Liquid water and ice might appear to be different substances, but at 
the submicroscopic level, it is evident that both consist of water molecules. (b) At 25°C, the atoms 
in a sample of mercury are a certain distance apart, yielding a density of 13.5 grams per milliliter. At 
100°C, the atoms are farther apart, meaning that each milliliter now contains fewer atoms than 
at 25°C, and the density is now 13.4 grams per milliliter. The physical property we call density has 
changed with temperature, but the identity of the substance remains unchanged: mercury is mercury.
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amount of heat energy. Copper reacts with carbon dioxide 
and water to form a greenish-blue solid known as patina. 
Copper statues exposed to the carbon dioxide and water in 
the air become coated with patina. The patina is not copper, it 
is not carbon dioxide, and it is not water. It is a new substance 
formed by the reaction of these chemicals with one another.

 ^  Figure 3.3
The chemical properties of substances determine the ways in which they can change into new 
substances. Natural gas and baking soda, for example, can both undergo chemical reactions in which 
they are transformed into carbon dioxide and water. Similarly, copper can be transformed into patina.

Copper
Reacts with carbon dioxide 
and water to form the 
greenish-blue substance 
called patina.

C O N C E P T   C H E C K
The melting of gold is a physical change. Why?

CHECK  YOUR  ANSWER  During a physical change, a substance changes only one or more of 
its physical properties; its chemical identity does not change. Because melted gold is still gold 
but in a different form, its melting is only a physical change.

During a chemical change, there is a change in the way the 
atoms are chemically bonded to one another. A chemical 
bond is the force of attraction between two atoms that 
holds them together in a compound. A methane molecule, 
for example, is made of a single carbon atom bonded to 
four hydrogen atoms, and an oxygen molecule is made of 
two oxygen atoms bonded to each other. Figure 3.4 shows 
the chemical change in which the atoms in a methane 
molecule and those in two oxygen molecules first pull apart 
and then form new bonds with different partners, resulting 
in the formation of molecules of carbon dioxide and water.

What happens to the atoms 
within a molecule undergoing 
a chemical reaction?

READING CHECK

Methane
Reacts with oxygen to form carbon 
dioxide and water, giving off lots of heat 
during the reaction.

Baking soda
Reacts with vinegar to form 
carbon dioxide and water, 
absorbing heat during the 
reaction.
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 Any change in a substance that involves a 
rearrangement of the way atoms are bonded is called a 
chemical change. Thus, the transformation of methaneand 
oxygen to carbon dioxide and water is a chemical change, 
as are the other two transformations shown in Figure 3.3.
 The chemical change shown in Figure 3.5 occurs 
when an electric current passes through water. The energy 
of the current is sufficient to pull bonded atoms away from 
each other. Loose atoms then form new bonds with different 
atoms, which results in the formation of new molecules. 
Thus, water molecules are changed to molecules of hydrogen 
and oxygen, two substances that are very different from 

^  Figure 3.4
The chemical change in which molecules of methane and oxygen transform to molecules of carbon dioxide 
and water, as atoms break old bonds and form new ones. In this sort of illustration, note that each sphere 
represents an atom, while a set of joined spheres represents a molecule.

Chemically speaking, how is 
your fingernail connected to 
the air?

CONNECTIONS
CHEMICAL

Figure 3.5 >
Water can be transformed to hydrogen 
gas and oxygen gas by applying the 
energy of an electric current. This 
is a chemical change, because new 
materials (the two gases) are formed 
as the atoms originally found in the 
water molecules are rearranged. From 
the photograph, note that the volume 
of hydrogen generated is twice that of 
oxygen. This tells us that each water 
molecule, H2O, is made of twice as 
many hydrogen atoms as oxygen.
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water. The hydrogen and oxygen are both gases at room 
temperature, and they can be seen as bubbles rising to the surface.
 In the language of chemistry, materials undergoing a 
chemical change are said to be reacting. Methane reacts with oxygen 
to form carbon dioxide and water. Water reacts when exposed to 
electricity to form hydrogen gas and oxygen gas. Thus, the term 
chemical change means the same thing as chemical reaction. During 
a chemical reaction, new materials are formed by a change in 
the way atoms are bonded together. Again, for emphasis, during a 
chemical reaction, new materials are formed by a change in the way 
atoms are bonded together. We will explore chemical bonds and 
their role in chemical reactions when we get to Chapters 6 and 9.

Distinguishing Physical and Chemical Changes 

After a physical change, the molecules are the same as the ones you 
started with. After a chemical change, the original molecules no longer 
exist and new ones are in their place. In both cases there is a change 
in physical appearance. Frozen water and melted water, for example, 
look very different. Likewise, iron and rust look very different (Figure 
3.6). So how can you quickly determine whether an observed change 
is physical or chemical? After all, we can’t see the individual molecules.
 Two powerful guidelines can help you distinguish between 
physical and chemical changes. First, in a physical change, a change 
in appearance is the result of a new set of conditions imposed 
on the same material. Restoring the original conditions restores 

^  Figure 3.6
The transformation of water to ice and the transformation of iron to rust both involve changes in physical 
appearance. The formation of ice is a physical change, whereas the formation of rust is a chemical change. But 
how do we know?
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C O N C E P T   C H E C K
Each sphere in the following diagrams represents an atom. Joined spheres represent molecules. 
One set of diagrams shows a physical change, and the other shows a chemical change. Which is 
which?

CHECK  YOUR  ANSWER  In set A, the molecules before and after the change are the same. They 
differ only in their positions. Set A, therefore, represents only a physical change. In set B, new 
molecules, consisting of bonded red and blue spheres, appear after the change. These molecules 
represent a new material, so set B represents a chemical change.

the original appearance: frozen water melts upon warming. Second, in a 
chemical change, a change in appearance is the result of the formation of 
a new material that has its own unique set of physical properties. The more 
evidence you have suggesting that a different material has been formed, 
the greater the likelihood that the change is a chemical change. Iron is a 
moldable metal that can be used to build cars. Rust is a reddish solid that 
readily falls apart. This suggests that the rusting of iron is a chemical change.
 Figure 3.7 shows potassium chromate, a material whose color depends 
on its temperature. At room temperature, potassium chromate is a bright 
canary yellow. At higher temperatures (above 660°C), it is a deep reddish 
orange. Upon cooling, the canary color returns, suggesting that the change 
is physical. With a chemical change, reverting to the original conditions 
does not restore the original appearance. Ammonium dichromate, shown in 
Figure 3.8, is an orange material that, when heated, explodes into ammonia, 
water vapor, and green chromium (III) oxide. When the test tube is returned 
to the original temperature, there is no trace of orange ammonium dichromate. 
In its place are new substances having completely different physical properties.
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Figure 3.7 >
When heated, potassium 
chromate changes from 
yellow to orange. After 
cooling, the original yellow 
color is restored.

Figure 3.8 >
When heated, orange 
ammonium dichromate 
undergoes a chemical 
change to ammonia, water 
vapor, and chromium 
(III) oxide. A return to the 
original temperature does 
not restore the orange color, 
because the ammonium 
dichromate is no longer 
there.

C O N C E P T   C H E C K
Evan has grown an inch in height over the past year. Is this change best described as a physical or a 
chemical change?

CHECK  YOUR  ANSWER  Are new materials being formed as Evan grows? Absolutely—created out 
of the food he eats. His body is very different from, say, the spaghetti he ate yesterday. Yet, through 
some very advanced chemistry, his body is able to absorb the atoms of that spaghetti and rearrange 
them into new materials. Biological growth, therefore, is the result of chemical changes.


