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Chapter 3

Elements of Chemistry
THE MAIN IDEA

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

The periodic table is so much more than a mere listing of 
known elements. Most notably, the elements are organized 
in the table based upon their physical and chemical 
properties. One of the most apparent examples is the way the 
elements are grouped as metals, nonmetals, and metalloids.
 As shown in Figure 3.12, most of the known 
elements are metals, which are characterized as being 
shiny, opaque, and good conductors of electricity 
and heat. Metals are malleable, which means they can 
be hammered into different shapes or bent without 
breaking. They are also W, which means they can be 
drawn into wires. All but a few metals are solid at ambient 
temperature. The exceptions include mercury, Hg; gallium, 
Ga; cesium, Cs; and francium, Fr, which are all liquids at 
30°C (86°F). Another interesting exception is hydrogen, 
H, which takes on the properties of a liquid metal only 
at very high pressures (Figure 3.13). Under normal 
conditions, hydrogen behaves as a nonmetallic gas.
 The nonmetallic elements, with the exception of 
hydrogen, are on the right-hand side of the periodic table. 
Most nonmetals are poor conductors of electricity and heat. 
Solid nonmetals tend to be neither malleable nor ductile. 
Rather, they are brittle and shatter when hammered. At 
30°C (86°F), some nonmetals are solid (carbon, C), others are 
liquid (bromine, Br), and still others are gaseous (helium, He). 

3.3 The Periodic Table Helps Us to Understand the Elements

Name two physical properties of 
metals.
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 Six elements are classified as metalloids: boron, B; 
silicon, Si; germanium, Ge; arsenic, As; antimony, Sb; and 
tellurium, Te. Situated between the metals and the nonmetals 
in the periodic table, the metalloids have both metallic and 
nonmetallic characteristics. For example, these elements are 
weak conductors of electricity, which makes them useful as 
semiconductors in the integrated circuits of computers. Note 
from the periodic table how germanium (number 32) is closer 
to more metals than nonmetals. Because of this positioning, we 
can deduce that germanium has more metallic properties than 
silicon (number 14) and  is a slightly better conductor of electricity. 
So, we find that integrated circuits fabricated with germanium 
operate faster than those fabricated with silicon. Because 
silicon is much more abundant and less expensive to obtain, 
however, silicon computer chips remain the industry standard.

Periods and Groups
Two other important ways in which the elements are 
organized in the periodic table are by horizontal rows and 
vertical columns. Each horizontal row is called a period, 
and each vertical column is called a group (or a family). As 
shown in Figure 3.14, there are 7 periods and 18 groups.

Figure 3.12 >
The periodic table 
color-coded to 
show metals, 
nonmetals, and 
metalloids.

^  Figure 3.13
Hydrogen exists as a liquid metal 
deep beneath the surfaces of 
Jupiter (shown here) and Saturn, 
where pressures are exceedingly 
high.
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 Across any period, the properties of elements 
gradually change. This gradual change is called a 
periodic trend. For example, as is shown in Figure 
3.15, the size of atoms generally decreases from left 
to right across any period. Note that the trend repeats 
from one horizontal row to the next. This phenomenon 
of repeating trends is called periodicity, a term used to 
indicate that the trends recur in cycles. Each horizontal 
row is called a period because it corresponds to one 
full cycle of a trend. As we explore further in Chapter 4, 
there are many other properties of elements that change 
gradually in moving across a row of the periodic table.
 Down any group (vertical column), the properties of 
elements tend to be remarkably similar, which is why these 
elements are said to be “grouped” or “in a family.” As Figure 
3.16 shows, several groups have traditional names that 
describe the properties of their elements. Early in human 
history, people discovered that ashes mixed with water 
produce a slippery solution useful for removing grease. By 

^  Figure 3.14 
The 7 periods (horizontal rows) and 18 groups (vertical columns) 
of the periodic table. Note that not all periods contain the same 
number of elements. Also note that, for reasons explained later, the 
sixth and seventh periods each include a subset of elements, which 
are listed apart from the main body.

FOR YOUR
INFORMATION

Most nonmetallic materials do not 
conduct electricity. An important 
exception is a material called 
graphene, which is a one atom 
thick sheet of carbon atoms. The 
graphite in your pencil is made of 
stacks of graphene. The nanotubes 
are graphene sheets rolled into 
tubes. All these materials conduct 
electricity rather well, which leads 
to many useful applications. Sheets 
of graphene, for example, are used 
to make ultra-thin and flexible 
OLED display screens.
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the Middle Ages, such mixtures were described as being alkaline, 
a term derived from the Arabic word for ashes, al-qali. Alkaline 
mixtures found many uses, particularly in the preparation of 
soaps (Figure 3.17). We now know that alkaline ashes contain 
compounds of group 1 elements, most notably potassium 
carbonate, also known as potash. Because of this history, group 
1 elements, which are metals, are called the alkali metals.
 Elements of group 2 also form alkaline solutions 
when mixed with water. Furthermore, medieval alchemists 
noted that certain minerals (which we now know are made 
up of group 2 elements) do not melt or change when put 
in fire. These fire-resistant substances were known to the 
alchemists as “earth.” As a holdover from these ancient times, 
group 2 elements are known as the alkaline-earth metals.

<  Figure 3.15
The size of 
atoms gradually 
decreases in 
moving from left 
to right across any 
period. Atomic 
size is a periodic 
(repeating) 
property.

C O N C E P T   C H E C K
Which are larger: atoms of cesium, Cs (number 55), or atoms of radon, Rn (number 86)?

CHECK  YOUR  ANSWER  Perhaps you tried looking to Figure 3.15 to answer this question and quickly 
realized the sixth-period elements are not shown. Well, relax. Look at the trends and you’ll see that in any 
one period, atoms to the left tend to be larger than those to the right. Accordingly, cesium is positioned at 
the far left of period 6, and you can reasonably predict that its atoms are larger than those of radon, which 
is positioned at the far right of period 6. The periodic table is a road map to understanding the elements.

FOR YOUR
INFORMATION

The carat is the common 
unit used to describe the 
mass of a gem. A 1.0 carat 
diamond, for example, has 
a mass of 0.20 grams. The 
karat is the common unit 
used to describe the purity 
of a precious metal, such as 
gold. A 24-karat gold ring 
is as pure as can be. A gold 
ring that is 50 percent pure 
is 12-karat gold.
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 Over toward the right side of the periodic table, 
elements of group 16 are known as the chalcogens (“ore-
forming” in Greek), because the top two elements of this 
group, oxygen and sulfur, are so commonly found in ores. 
Elements of group 17 are known as the halogens (“salt-
forming” in Greek), because of their tendency to form various 
salts. Group 18 elements are all unreactive gases that tend 
not to combine with other elements. For this reason, they are 
called the inert noble gases, presumably because the nobility 
of earlier times were above interacting with common folk.
 The elements of groups 3 through 12 are all metals 
that do not form alkaline solutions with water. These 
metals tend to be harder than the alkali metals and less 
reactive with water; hence, they are used for structural 
purposes. Collectively, they are known as the transition 
metals, a name that denotes their central position in the 
periodic table. The transition metals include some of the 
most familiar and important elements—iron, Fe; copper, 
Cu; nickel, Ni; chromium, Cr; silver, Ag; and gold, Au. 

^  Figure 3.16
The common names for various groups of elements.

FOR YOUR
INFORMATION

The air inside a traditional 
incandescent light bulb is a mixture 
of nitrogen and argon. As the 
tungsten filament is heated, minute 
particles of tungsten evaporate—
much like steam leaving boiling 
water. Over time, these particles 
are deposited on the inner surface 
of the bulb, causing the bulb to 
blacken. Losing its tungsten, the 
filament eventually breaks and the 
bulb has “burned out.”

Figure 3.17 >   
Ashes and water make a slippery alkaline 
solution once used to clean hands.
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C O N C E P T   C H E C K
The elements copper, Cu; silver, Ag; and gold, Au, are three of the few metals that can be 
found naturally in their elemental state. These three metals have found great use as coins and 
jewelry for a number of reasons, including their resistance to corrosion and their remarkable 
colors. How is the fact that these metals have similar properties reflected in the periodic table?

CHECK  YOUR  ANSWER  Copper (number 29), silver (number 47), and gold (number 79) are all in 
the same group in the periodic table (group 11), which suggests they should have similar—though 
not identical—properties.

They also include many lesser-known elements that are nonetheless 
important in modern technology. People with hip implants appreciate 
the transition metals titanium, Ti; molybdenum, Mo; and manganese, 
Mn, because these noncorrosive metals are used in implant devices.
 Within the sixth period is a subset of 14 metallic elements 
(numbers 58 to 71) that are quite unlike any of the other transition 
metals. A similar subset (numbers 90 to 103) is found within the 
seventh period. These two subsets are the inner transition metals. 
Inserting the inner transition metals into the main body of the 

<  Figure 3.18
Inserting the inner transi-
tion metals between atom-
ic groups 3 and 4 results in 
a periodic table that is not 
easy to fit on a standard 
sheet of paper.

<  Figure 3.19
The typical display of the 
inner transition metals. 
The count of elements in 
the sixth period goes from 
lanthanum (La, 57) to ceri-
um (Ce, 58), on through to 
lutetium (Lu, 71), and then 
back to hafnium (Hf, 72). A 
similar jump is made in the 
seventh period.

List several common 
transition metals

READING CHECK
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periodic table, as in Figure 3.18, produces a long and 
cumbersome table. So that the table can fit nicely on a 
standard paper size, these elements are commonly placed 
below the main body of the table, as shown in Figure 3.19.
 The sixth-period inner transition metals are called the 
lanthanides, because they fall after lanthanum, La. Because 
of their similar physical and chemical properties, they tend 
to occur mixed together in the same locations in the earth. 
Also because of their similarities, lanthanides are unusually 
difficult to purify. Recently, the commercial use of lanthanides 
has increased. Several lanthanide elements, for example, 
are used in the fabrication of the light-emitting diodes 
(LEDs) of computer monitors and flat screen televisions. 
Neodymium is useful for making powerful magnets.
 The lanthanides were first discovered within rare ores 
containing the elements scandium and yttrium. Collectively, 
these elements have come to be known as the “rare earth 
metals”. These metals, however, are actually relatively 
abundant in the Earth’s crust—about as abundant as 
copper. The problem is that they are distributed throughout 
Earth’s crust rather evenly, which is to say, mineral ores 
containing easy to isolate concentrated samples are 
not common. Of great commercial use, about 40,000 
tons of these rare Earth metals are produced every year.
 The seventh-period inner transition metals are 
called the actinides, because they fall after actinium, Ac. 
They, too, all have similar properties and hence are not 
easily purified. The nuclear power industry faces this 
obstacle because it requires purified samples of two of 
the most publicized actinides: uranium, U, and plutonium, 
Pu. Actinides heavier than uranium are not commonly 
found in nature but are synthesized in the laboratory.

FOR YOUR
INFORMATION

The Hanford nuclear facility in 
central Washington state, from 
1943 to 1986, produced 72 tons 
of plutonium, nearly two-thirds 
the nation’s supply. Creating this 
much plutonium generated an 
estimated 450 billion gallons of 
radioactive and hazardous liquids, 
which were discharged into the 
local environment. Today, some 
53 million gallons of high-level 
radioactive (see Chapter 5) and 
chemical wastes are stored in 177 
underground tanks.

^  Hanford Nuclear Facility, 1945


