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4.1: Covalent Bonds

4b Learning Objectives

e Describe how covalent bonds form using the octet rule.

Formation of Covalent Bonds

Nonmetal atoms frequently form covalent bonds with other nonmetal atoms. Covalent bonds are formed between two atoms when
both have similar tendencies to attract electrons to themselves (i.e., when both atoms have identical or fairly similar ionization
energies and electron affinities). For example, two hydrogen atoms bond covalently to form an H, molecule; each hydrogen atom
in the H, molecule has two electrons stabilizing it, giving each atom the same number of valence electrons as the noble gas He.

The bond in a hydrogen molecule, measured as the distance between the two nuclei, is about 7.4 x 107! m, or 74 picometers (pm;
1 pm = 1 x 107" m). This particular bond length represents the lowest potential energy state of two hydrogen atoms and is a
balance between several forces: the attractions between oppositely charged electrons and nuclei, the repulsion between two
negatively charged electrons, and the repulsion between two positively charged nuclei.

Bond length

Figure 4.1.1: Attractive and Repulsive Interactions between Electrons and Nuclei in the Hydrogen Molecule. Electron—electron and
proton—proton interactions are repulsive; electron—proton interactions are attractive. At the observed bond distance, the repulsive
and attractive interactions are balanced.

A plot of the potential energy of the system as a function of the internuclear distance (Figure 4.1.2) shows that energy decreases as
two hydrogen atoms move toward each other. Starting on the far right, we have two separate hydrogen atoms with a particular
potential energy, indicated by the red line. Along the x-axis is the distance between the two atoms. As the two atoms approach each
other (moving left along the x-axis), their valence orbitals (1s) begin to overlap. The single electrons on each hydrogen atom then
interact with both atomic nuclei, occupying the space around both atoms. The strong attraction of each shared electron to both
nuclei stabilizes the system, and the potential energy decreases as the bond distance decreases. If the atoms continue to approach
each other, the positive charges in the two nuclei begin to repel each other, and the potential energy increases.
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Figure 4.1.2: The interaction of two hydrogen atoms changes as a function of distance. The energy of the system changes as the
atoms interact. The lowest (most stable) energy occurs at a distance of 74 pm, which is the bond length observed for the H;
molecule.

Lewis Structures

Chemists frequently use Lewis structures to represent covalent bonding in molecular substances. For example, the Lewis symbols
of two separate hydrogen atoms are as follows:

H. -H
The Lewis structures of two hydrogen atoms sharing electrons looks like this:
H:H

We can use circles to show that each H atom has two electrons around the nucleus, completely filling each atom’s valence shell:

- '\

2 electrons 2 electrons
on this H on this H

Because each H atom has a filled valence shell, this bond is stable, and we have made a diatomic hydrogen molecule. For
simplicity’s sake, it is common to represent the covalent bond with a dash, instead of with two dots:

H—H

HJ

Single bond

Because two atoms are sharing one pair of electrons, this covalent bond is called a single bond. As another example, consider
fluorine. F atoms have seven electrons in their valence shell:
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‘F* °F:

These two atoms can do the same thing that the H atoms did; they share their unpaired electrons to make a covalent bond.

: .F.: lF.:

@0@

8 electrons 8 electrons
on this F onthisF

Note that each F atom has a complete octet around it now:

We can also write this using a dash to represent the shared electron pair:

sF—F:

You will notice that there are two different types of electrons in the fluorine diatomic molecule. The bonding electron pair makes
the covalent bond. Each F atom has three other pairs of electrons that do not participate in the bonding; they are called lone pair
electrons. Each F atom has one bonding pair and three lone pairs of electrons.

Diatomic Molecules

Hydrogen (H,) and fluorine (F,) are both described as diatomic molecules. These elements and others (see Table 4.1.1) exist
naturally as molecules rather than as individual atoms. It is important to note that the names of these elements represent molecules
and not individual atoms. When describing a single atom rather than a molecule, the word atom is used.

Table 4.1.1: Elements That Exist as Diatomic Molecules

Hydrogen (H,) Oxygen (O,) Nitrogen (N,) Fluorine (F,)

Chlorine (CL,) Bromine (Br,) Todine (I,)
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