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Chapter 6

How Atoms Bond
THE MAIN IDEA 

Atoms bond by exchanging  
or sharing electrons

6.1 Electron-Dot Structures
6.2 Ion Formation
6.3 Ionic Bonds
6.4 Metallic Bonds
6.5 Covalent Bonds
6.6 Molecular Shape
6.7 Polar Covalent Bonds
6.8 Molecular Polarity

6.5 Covalent Bonds

Imagine two children playing together and sharing their toys. Perhaps 
a force that keeps the children together is their mutual attraction to the 
toys they share. In a similar fashion, two atoms can be held together 
by their mutual attraction for electrons they share. A fluorine atom, 
for example, has a strong tendency to acquire an additional electron, 
which fills the outer shell. As shown in Figure 6.17, a fluorine atom 
can add an additional electron to its outer shell by grabbing onto the 
unpaired valence electron of another fluorine atom. This results in a 
situation in which the two fluorine atoms are mutually attracted to the 
same two electrons. This type of electrical attraction in which atoms 
are held together by their mutual attraction for shared electrons is called 
a covalent bond, where co- signifies sharing and -valent refers to the 
fact that it is valence electrons that are being shared.

^  Figure 6.17

The positive nuclear charge (represented by red shading) of a fluorine atom can cause the fluorine atom to become attracted 
to the unpaired valence electron of a neighboring fluorine atom. In this way, each fluorine atom achieves a filled valence shell 
and the two atoms are held together in a fluorine molecule by the attraction they both have for the two shared electrons. The 
atoms are said to be held together by a covalent bond.
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A substance composed of atoms held together by covalent bonds is a 
covalent compound. The fundamental unit of most covalent compounds 
is a molecule, which we can now formally define as any group of atoms 
held together by covalent bonds. Figure 6.18 uses the element fluorine to 
illustrate this principle. 

When writing electron-dot structures for covalent compounds, chemists 
often use a straight line to represent the two electrons involved in a covalent 
bond. In some representations, the nonbonding electron pairs are ignored. 
This occurs in instances where these electrons play no significant role in 
the process being illustrated. Here are two frequently used ways of showing 
the electron-dot structure for a fluorine molecule without using spheres to 
represent the atoms:

Remember—the straight line in both versions represents two elec-
trons, one from each atom. Thus, we now have two types of electron pairs 
to keep track of. The term nonbonding pair refers to any pair that exists 
in the electron-dot structure of an individual atom, and the term bonding 
pair refers to any pair that results from formation of a covalent bond. In a 
nonbonding pair, both electrons originate in the same atom; in a bonding 
pair, one electron comes from each atom participating in the bond.

Recall from Section 6.3 that an ionic bond is formed when an atom that 
tends to lose electrons makes contact with an atom that tends to gain them. 
A covalent bond, by contrast, is formed when two atoms that both tend to 
gain electrons are brought into contact with each other. Atoms that tend to 
form covalent bonds are therefore primarily atoms of the nonmetallic ele-
ments, in the upper right corner of the periodic table (with the exception of 
the noble gas elements, which are very stable and tend not to form bonds).

Hydrogen tends to form covalent bonds because, unlike the other group 
1 elements, it has a fairly strong attraction for an additional electron. Two 
hydrogen atoms, for example, covalently bond to form a hydrogen molecule, 
H2, as shown in Figure 6.19.

The number of covalent bonds an atom commonly forms is equal to 
the number of additional electrons it can attract, which is the number of 
electrons needed to fill its valence shell. Hydrogen attracts only one addi-
tional electron, so it forms only one covalent bond. Oxygen, which attracts 
two additional electrons, finds them when it encounters two hydrogen atoms 
and reacts with them to form water, H2O, as Figure 6.20 shows. In water, 

Figure 6.18  >
Molecules are the fundamental units of 
the gaseous covalent compound fluo-
rine, F2. Notice that in this model of a 
fluorine molecule, the spheres overlap, 
whereas the spheres shown earlier for 
ionic compounds do not. Now you know 
that this difference in representation is 
because of the difference in bond types.

Spectroscopic studies of interstellar 
dust within our galaxy have revealed 
the presence of more than 120 kinds 
of molecules, such as hydrogen chlo-
ride, HCl; water, H2O; acetylene, H2C2; 
formic acid, HCO2H; methanol, CH3OH; 
methyl amine, NH2CH3; acetic acid, 
CH3CO2H; and even the amino acid 
glycine, NH2CH2CO2H. Notably, about 
half of these interstellar molecules 
are carbon-based organic molecules. 
As discussed in Chapter 5, the atoms 
originated from the nuclear fusion of 
ancient stars. How interesting that 
these atoms then join together to form 
molecules even in the deep vacuum of 
outer space.

FOR YOUR
INFORMATION
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What do covalent bonds have 
in common with the negative 
ions formed by nonmetals?

READING CHECK

not only does the oxygen atom have access to two additional electrons by 
covalently bonding to two hydrogen atoms, but each hydrogen atom has 
access to an additional electron by bonding to the oxygen atom. Each atom 
thus achieves a filled valence shell. 

Nitrogen attracts three additional electrons and is thus able to form 
three covalent bonds, as occurs in ammonia, NH3, shown in Figure 6.21. 
Likewise, a carbon atom can attract four additional electrons and is thus 
able to form four covalent bonds, as occurs in methane, CH4, also shown in 
Figure 6.21. Note that the number of covalent bonds formed by these and 
other nonmetallic elements parallels the negative charge these ions tend to 
form (see Figure 6.6). This makes sense, because covalent-bond formation 
and negative-ion formation are both applications of the same concept: non-
metallic atoms tend to gain electrons until their valence shells are filled.

Diamond is a most unusual covalent compound consisting of carbon 
atoms covalently bonded to one another in four directions. The result is 
a covalent crystal, which, as shown in Figure 6.22, is a highly ordered, 
3-dimensional network of covalently bonded atoms. This network of carbon 
atoms forms a very strong and rigid structure, which is why diamonds are 

<  Figure 6.21

(a) A nitrogen atom attracts the 
three electrons in three hydro-
gen atoms to form ammonia, 
NH3, a gas that can dissolve 
in water to make an effective 
cleanser. (b) A carbon atom 
attracts the four electrons in 
four hydrogen atoms to form 
methane, CH4, the primary 
component of natural gas. In 
these and most other cases of 
covalent-bond formation, the 
result is a filled valence shell for 
all the atoms involved.

<  Figure 6.19

Two hydrogen atoms form a 
covalent bond as they share their 
unpaired electrons.

<  Figure 6.20

The two unpaired valence elec-
trons of oxygen pair with the 
unpaired valence electrons of 
two hydrogen atoms to form the 
covalent compound water.
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so hard. Also, because a diamond is a group of atoms held together only by 
covalent bonds, it can be characterized as a single molecule. Unlike most 
other molecules, a diamond molecule is large enough to be visible to the 
naked eye, so it is more appropriately referred to as a macromolecule.

It is possible to have more than two electrons shared between two 
atoms, and Figure 6.23 shows a few examples. Molecular oxygen, O2, 
consists of two oxygen atoms connected by four shared electrons. This 
arrangement is called a double covalent bond or, for short, a double bond. 
As another example, the covalent compound carbon dioxide, CO2, consists 
of two double bonds connecting two oxygen atoms to a central carbon atom.

Some atoms can form triple covalent bonds, in which six electrons—
three from each atom—are shared. One example is molecular nitrogen, N2. 
Any double or triple bond is often referred to as a multiple bond. Multiple 
bonds higher than these, such as the quadruple covalent bond, are not com-
monly observed. 

Figure 6.24 shows electron-dot structures, also sometimes called Lewis 
structures, for some additional molecules. Note from these structures that 
each element consistently forms the same number of bonds. Hydrogen, for 
example, forms one bond, while carbon forms four bonds, nitrogen forms 
three bonds, and oxygen forms two bonds. As discussed earlier, this number 

Figure 6.23  >
Double covalent bonds in mole-
cules of oxygen, O2, and carbon 
dioxide, CO2, and a triple covalent 
bond in a molecule of nitrogen, N2.

Figure 6.24  >
Additional electron-dot structures. 
Note that each carbon atom always 
forms four bonds. In formamide, 
two of these bonds are single 
bonds and the other two are part 
of a double bond. A double bond, 
therefore, counts as two bonds, and 
a triple bond counts as three bonds.

C O N C E P T   C H E C K
How many electrons make up a covalent bond?

CHECK  YOUR  ANSWER   
One covalent bond consists of two electrons.

^  Figure 6.22

The crystalline structure of diamond is 
nicely illustrated with sticks to repre-
sent the covalent bonds. The molecular 
nature of a diamond is responsible for 
its extreme hardness. Interestingly, most 
naturally occurring diamonds formed 
deep within the Earth, not millions, but 
billions of years ago.
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of bonds is equal to the number of additional electrons the atom is able to 
attract as indicated by its position in the periodic table. Also note from these 
structures that the number of nonbonding lone pairs on atoms is also con-
sistent. Hydrogen, aluminum, and carbon show no lone pairs. Nitrogen has 
one lone pair, oxygen has two, and chlorine and fluorine have three. These 
numbers of lone pairs allow each atom to have a filled shell of electrons.

The pattern is a bit different for the charged atoms within a polyatomic 
ion. A positively charged atom within a polyatomic ion has one additional 
covalent bond and one fewer lone pair. For example, the nitrogen atom of 
an ammonia molecule, NH3, has three bonds and one lone pair, as shown 
in Figure 6.21a. Add a hydrogen ion, H+, to ammonia and you create the 
ammonium ion, NH4

+, as shown in Figure 6.25a. The nitrogen of the ammo-
nium ion has four bonds and no lone pairs. (As we discuss in Chapter 10, the 
reason for this is that the lone pair of ammonia combined with a hydrogen 
ion to form the fourth bond.)

Similarly, a negatively charged atom within a polyatomic ion has one 
fewer covalent bond and one additional lone pair. For example, the oxygen 
of a water molecule, H2O, has two bonds and two lone pairs, as shown in 
Figure 6.20. Remove a hydrogen ion, H+, from a water molecule and you 
create the hydroxide ion, OH–, as shown in Figure 6.25b. The oxygen of 
the hydroxide ion has only one bond but three lone pairs. (The additional 
lone pair was created as the hydrogen ion left the water molecule without 
an electron.)

<  Figure 6.25

The electron-dot structures for the 
ammonium and hydroxide ions.

C O N C E P T   C H E C K
Shown below is the electron-dot structure for the polyatomic bicarbonate ion. Why is one of the oxygen atoms 
shown with only one covalent bond?

CHECK  YOUR  ANSWER  
In a neutral molecule, one would expect each oxygen atom to have two bonds. The oxygen seen to the right 
in this electron-dot structure is bonded only once because it is carrying a negative charge. Note that although 
it is bonded only once, it has three lone pairs, which means the valence shell is filled.

Astronomers have recently dis-
covered an expired star that has 
a solid core made of diamond. 
This star-sized diamond measures 
about 4000 kilometers wide, which 
amounts to about 10 billion trillion 
trillion carats. It has been named 
“Lucy,” after The Beatles song “Lucy 
in the Sky with Diamonds.” In about 
7 billion years, our own star, the 
Sun, is also likely to crystallize into 
a huge diamond ball.
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