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Chapter 6

How Atoms Bond
THE MAIN IDEA 

6.4 Metallic Bonds

In Chapter 3, you learned about the properties of metals. 
They conduct electricity and heat, are opaque to light, and 
deform—rather than fracture—under pressure. Because of 
these properties, metals are used to build homes, appliances, 
cars, bridges, airplanes, and skyscrapers. Metal wires across 
the landscape transmit communication signals and electric 
power. We wear metal jewelry, exchange metal currency, and 
drink from metal cans. Yet what is it that gives a metal its metal-
lic properties? We can answer this question by looking at the 
behavior of its atoms.

The outer electrons of most metal atoms tend to be 
weakly held to the atomic nucleus. Consequently, these elec-
trons are easily dislodged, leaving behind positively charged 
metal ions. The many electrons dislodged from a large group 
of metal atoms flow freely through the resulting metal ions, 
as depicted in Figure 6.12. This “fluid” of electrons holds the 
positively charged metal ions together in the type of chemical 
bond known as a metallic bond.

Atoms bond by exchanging  
or sharing electrons.

What holds the positively 
charged metal ions together 
within a metallic bond?

READING CHECK

<  Figure  6.12
Metal ions are held together by freely flowing 
electrons. These loose electrons form a kind 
of “electronic fluid,” which flows through the 
lattice of positively charged ions.
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The mobility of electrons in a metal accounts for the metal’s 
significant ability to conduct electricity. Also, metals are opaque and 
shiny because the free electrons easily vibrate to the oscillations 
of any light falling on them, reflecting most of it. Furthermore, the 
metal ions are not rigidly held to fixed positions, as ions are in an 
ionic crystal. Rather, because the metal ions are held together by a 
“fluid” of electrons, these ions can move into various orientations rel-
ative to one another, which explains why a metal can be pounded, 
pulled, or molded into a different shape.

Two or more different metals can be bonded to each other 
by metallic bonds. This occurs, for example, when molten gold and 
molten palladium are blended to form the homogeneous solution 
known as white gold. The quality of the white gold can be modified 
simply by changing the proportions of gold and palladium. White 
gold is an example of an alloy, which is any mixture composed of 
two or more metallic elements. By playing around with proportions, 
metalworkers can readily modify the properties of an alloy. For 
example, in designing the Sacagawea dollar coin, shown in Figure 
6.13, the U.S. Mint needed a metal having a gold color—so that it 
would be popular—and having the same electrical characteristics 
as the Susan B. Anthony dollar coin—so that the new coin could 
substitute for the Anthony coin in vending machines.

Only a few metals—gold and platinum are two examples—
appear in nature in metallic form. Deposits of these natural metals, 
also known as native metals, are quite rare. For the most part, metals 
found in nature are chemical compounds. Iron, for example, is most 
frequently found as iron oxide, Fe2O3, and copper as chalcopyrite, 
CuFeS2. Geologic deposits containing relatively high concentra-
tions of metal-containing compounds are called ores. The metals 
industry mines these ores from the ground, as shown in Figure 
6.14, and then chemically processes them into metals, as discussed 
in Chapter 11. Although metal-containing compounds occur just 
about everywhere, only ores are concentrated enough to make the 
extraction of the metal profitable.

^  Figure 6.13
The gold color of the Sacagawea 
U.S. dollar coin is achieved by 
an outer surface made of an 
alloy of 77% copper, 12% zinc, 
7% manganese, and 4% nickel. 
The interior of the coin is pure 
copper.

Figure 6.14 > 
The world’s biggest open-pit 
mine is the copper mine at 
Bingham Canyon, Utah.
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Because our planet is chock-full of metal-containing com-
pounds, it is difficult to imagine how we could ever incur a shortage 
of metals. Experts suggest, however, that if we continue with our 
present rate of consumption, such shortages will occur within the 
next two centuries. The problem is not a shortage of metal-con-
taining compounds but rather a shortage of ores from which these 
compounds can be extracted at a reasonable cost.

Consider the recovery of gold. All the gold in the world 
isolated from nature so far could form a single cube 18 meters 
on a side, which would have a mass of about 130,000 tons. This 
includes all the naturally occurring elemental gold we have mined 
plus all the gold purified from gold-containing ores. Because the 
rate of gold production is steadily decreasing, one might think we 
have already isolated a significant portion of the Earth’s total gold 
reserves. Our oceans, however, are laden with gold—as much as 2 
milligrams per ton of seawater. Given that there is about 1.5 x 1018 
tons of seawater on the planet, our oceans contain 3.4 billion tons 
of gold! As yet, however, no method has been found for recover-
ing gold from seawater profitably—this gold is simply too dilute 
(Figure 6.15).

Like the gold in the ocean, most of the metal-containing 
compounds in the Earth’s crust are finely mixed with other stuff, 
which is to say the compounds are diluted. Ores are, by definition, 
parts of the Earth’s crust where, for geologic reasons, the com-
pounds have been concentrated. High-grade ores, those containing 
relatively large concentrations of compounds, are the first to be 
mined. After these are depleted, we move on to lower-grade ores, 
which have lower yields that translate into greater costs. Eventually, 
a nation’s ore supplies are depleted, as are the aluminum oxide 
ores in the United States, as described in Figure 6.16. The nation 
is forced to import metals or their ores from other countries, which 
also have finite ore resources.

Interestingly, high-grade ore nodules discovered on the 
ocean floor are a potential new source of metals, as are metal-rich 
asteroids in space. Rather than investing in new ore resources, how-
ever, it is far cheaper to produce metals from recycled products. 
Perhaps one day in the future our recycling programs will be so 
strong worldwide that mining from such unusual places will not 
be necessary.

^  Figure 6.15
Natural resources are unavailable to 
us when the energy required to col-
lect them far exceeds the resource’s 
inherent value. For example, most 
of the world’s gold is found in the 
oceans, but this gold is too dilute 
for extraction to be worthwhile

<  Figure  6.16
An open-pit aluminum mine in 
Australia. Aluminum ore is no 
longer mined in the United States 
because the reserves have dwin-
dled to the point where it is less 
expensive to import aluminum 
from other countries, including 
Australia.

Metal ores contain ionic 
compounds in which the 
metal atoms have lost 
electrons to become pos-
itive ions. As we discuss in 
Chapter 11, converting the 
ores to metals requires that 
electrons be given back to 
the metal ions. This is done 
by heating the ore with 
electron-releasing materi-
als, such as carbon, in hot 
furnaces that reach about 
1500°C. The metal emerges 
in a molten state that can be 
cast into a variety of useful 
shapes.
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