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Chapter 3

Elements of Chemistry
THE MAIN IDEA

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

A mixture is a combination of two or more substances in 
which each substance retains its properties. Most materials 
we encounter are mixtures: mixtures of elements, mixtures 
of compounds, or mixtures of elements and compounds. 
Stainless steel, for example, is a mixture of the elements iron, 
chromium, nickel, and carbon. Seltzer water is a mixture 
of the liquid compound water and the gaseous compound 
carbon dioxide. Our atmosphere, as Figure 3.23 illustrates, 
is a mixture of the elements nitrogen, oxygen, and argon 
plus small amounts of such compounds as carbon dioxide 
and water vapor.

3.6 Most Materials Are Mixtures

< Figure 3.23  
The Earth’s atmosphere is a 
mixture of gaseous elements and 
compounds. Some of them are 
shown here.
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 Tap water is a mixture containing mostly water but 
also many other compounds. Depending on your location, 
your water may contain compounds of calcium, magnesium, 
fluorine, iron, and potassium; chlorine disinfectants; trace 
amounts of compounds of lead, mercury, and cadmium; 
organic compounds; and dissolved gases like oxygen, 
nitrogen, and carbon dioxide (Figure 3.24). While it is 
surely important to minimize any toxic components in 
your drinking water, it is unnecessary, undesirable, and 
impossible to remove all other substances from it. Some of 
the dissolved solids and gases give water its characteristic 
taste, and many of them promote human health: fluoride 
com- pounds protect teeth, chlorine destroys harmful 
bacteria, and as much as 10 percent of our daily requirement 
for iron, potassium, calcium, and magnesium is obtained 
from drinking water (Figures 3.25).
 There is a difference between the way substances—
either elements or compounds—combine to form mixtures 
and the way elements combine to form compounds. Each 
substance in a mixture retains its chemical identity. The 
sugar molecules in the teaspoon of sugar in Figure 3.26, 
for example, are identical to the sugar molecules already in 
the tea. The only difference is that the sugar molecules in 
the tea are mixed with other substances, mostly water. The 
formation of a mixture, therefore, is a physical change.
 As was discussed in Section 3.4, when elements 
join to form compounds, there is a change in chemical 
identity. Sodium chloride is not a mixture of sodium and 
chlorine atoms. Instead, sodium chloride is a compound, 
which means it is entirely different from the elements used 
to make it. The formation of a compound is therefore a 
chemical change.

^ Figure 3.24
Most of the oxygen, O2, in the air bubbles 
produced by an aquarium aerator 
escapes into the atmosphere. Some of 
the oxygen, however, mixes with the 
water. It is this oxygen the fish depend 
on to survive. Without this dissolved 
oxygen, which they extract with their 
gills, the fish would promptly drown. So, 
fish don’t “breathe” water. They breathe 
the oxygen, O2, dissolved in the water.

Figure 3.25 > 
Tap water provides us with 
H2O as well as a large number 
of other compounds, many of 
which are flavorful and help us 
grow as shown by Graham ages 
11 and 20. Bottoms up!
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Mixtures Can Be Separated by Physical Means
The components of mixtures can be separated from one 
another by taking advantage of differences in the components’ 
physical properties. A mixture of solids and liquids, for 
example, can be separated using filter paper through which 
the liquids pass but the solids do not. This is how coffee is 
often made: the caffeine and flavor molecules after being 
extracted by the hot water pass through the filter and into the 
coffee pot while the solid coffee grounds remain behind. This 
method of separating a solid–liquid mixture is called filtration 
and is a common technique used by chemists.

How do we separate the 
components of a mixture?

READING CHECK

C O N C E P T   C H E C K
So far, you have learned about three kinds of matter: elements, compounds, and mixtures. Which of 
the following boxes contains only an element? Which contains only a compound? Which contains a 
mixture?

CHECK  YOUR  ANSWER  The molecules in box A each contain two different types of atoms and so 
are representative of a compound. The molecules in box B each consist of the same atoms and so 
are representative of an element. Box C is a mixture of the compound and the element. Note how 
the molecules of the compound and those of the element remain intact in the mixture. That is, upon 
the formation of the mixture, there is no exchange of atoms between the components.

^ Figure 3.26
Table sugar is a compound consisting of only sucrose molecules. Once these molecules are mixed 
into hot tea, they become interspersed among the water and tea molecules and form a sugar–tea–
water mixture. No new compounds are formed, so this is an example of a physical change.
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 Mixtures can also be separated by taking advantage 
of a difference in boiling or melting points. Seawater is 
a mixture of water and a variety of compounds, mostly 
sodium chloride. Whereas pure water boils at 100°C, sodium 
chloride doesn’t even melt until 800°C. One way to separate 
pure water out of the mixture we call seawater, therefore, 
is to heat the seawater to about 100°C. At this temperature, 
the liquid water readily transforms to water vapor but the 
sodium chloride stays behind, dissolved in the remaining 
water. As the water vapor rises, it can be channeled into a 
cooler container, where it condenses to a liquid without 
the dissolved solids. This process of collecting a vaporized 
substance, called distillation, is illustrated in Figure 3.27. 
After all the water has been distilled from seawater, what 
remains consists of dry solids. These solids, also a mixture 
of compounds, contain a variety of valuable materials, 
including sodium chloride, potassium bromide, and a small 
amount of gold! A commercial application of this concept 
is shown in Figure 3.28.

Figure 3.27 >
(a) The mixture is boiled in the flask 
on the left. The rising water vapor is 
channeled into a downward-slanting 
tube kept cool by cold water flowing 
across its outer surface. The water 
vapor inside the cool tube condenses 
and collects in the flask on the right. 
(b) A whiskey still functions on the 
same principle. A mixture containing 
alcohol is heated to the point where 
the alcohol, some flavoring molecules, 
and some water are vaporized. These 
vapors travel through copper tubes, 
where they then condense to a liquid 
high in alcohol content.

Figure 3.28 >
At the southern end of San Francisco 
Bay, there are areas where the 
seawater has been partitioned off by 
earthen dikes. These are evaporation 
ponds, where the water is allowed to 
evaporate, leaving behind the solids 
that were dissolved in the seawater, 
mostly salt. These solids are further 
refined for commercial sale. The 
remarkable colors of the ponds are 
due to organic pigments made by 
salt-loving bacteria.

Chemically speaking, how is an 
icy winter road connected to 
the ocean?
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