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2.12: Combining Atoms to Make Molecules and Compounds

About the only atoms that exist alone are those of the noble gases, a group of elements including helium, neon, argon, and radon
located on the far right of the periodic table. Even the simple hydrogen atom in the elemental state is joined together with another
hydrogen atom. Two or more uncharged atoms bonded together are called a molecule. As illustrated in Figure 2.12.1, the hydrogen
molecule consists of 2 hydrogen atoms as denoted by the chemical formula of elemental hydrogen, H,. This formula states that a
molecule of elemental hydrogen consists of 2 atoms of hydrogen, shown by the subscript of 2. The atoms are joined together by a
chemical bond. As explained in Chapter 3, a hydrogen atom consists of a very small positively charged nucleus surrounded by a
much larger cloud of negative charge from a single, rapidly moving, electron. But, hydrogen atoms are more “content” with 2
electrons. So two hydrogen atoms share their two electrons constituting the chemical bond in the hydrogen molecule. A bond
composed of shared electrons is a covalent bond.
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Figure 2.12.1. Molecule of H,

Chemical Compounds

The example just discussed was one in which atoms of the same element, hydrogen, join together to form a molecule. Most
molecules consist of atoms of different elements joined together. An example of such a molecule is that of water, chemical formula
H,0. This formula stands for the fact that the water molecule consists of two hydrogen atoms bonded to one oxygen atom, O,
where the absence of a subscript number after the O indicates that there is 1 oxygen atom. The water molecule is shown in Figure
2.12.2 Each of the hydrogen atoms is held to the oxygen atom in the water molecule by two shared electrons in a covalent bond. A
material such as water in which two or more elements are bonded together is called a chemical compound. It is because of the
enormous number of combinations of two or more atoms of different elements that it is possible to make 20 million or more
chemical compounds from fewer than 100 elements.
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Figure 2.12.2. Atoms of hydrogen and oxygen join together by chemical bonds to form a molecule of water, chemical formula H,O

lonic Bonds

Two different molecules have just been discussed in which atoms are joined together by covalent bonds consisting of shared
electrons. Another way in which atoms can be joined together is by transfer of electrons from one atom to another. A single neutral
atom has a number of electrons surrounding its nucleus that is the same as the number of protons in the nucleus of the atom. But, if
the atom loses one or more negatively charged electrons, it ends up with a net positive electrical charge and the atom becomes a
positively charged cation. An atom that has gained one or more negatively charged electrons attains a net negative charge and is
called an anion. Cations and anions are attracted together in an ionic compound because of their opposite electrical charges. The
oppositely charged ions are joined by ionic bonds in a crystalline lattice.
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Figure 2.12.3 shows the best known ionic compound, sodium chloride, NaCl (common table salt). The chemical formula of NaCl
implies that there is 1 Na for each CI. In this case these consist of Na* cations and Cl” anions. For ionic compounds such as NaCl,
the first part of the name is simply that of the metal forming the cation, in this case sodium. The second part of the name is based
upon the anion, but has the ending ide. So the ionic compound formed from sodium and chlorine is sodium chloride. As shown by
the preceding example, ionic compounds may consist of ions composed of atoms that have lost electrons (producing positively
charged cations) and other atoms that have gained electrons (producing negatively charged anions).

In addition to being charged atoms, ions may also consist of groups of several atoms with a net charge. Ammonium ion, NH,", is
such an ion. As shown below, the NH,* cation consists of 4H atoms covalently bonded (by 2 shared electrons) to a central N atom,
with the group of 5 total atoms having a net electrical charge of +1.
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The transfer of a single nega- produces a positively charged
tively charged electron from a sodium cation and a negatively
neutral sodium atom (Na) to a charged chloride anion.
neutral chlorine atom (Cl)

Sodium cations held together with equal numbers of chloride anions
by the attraction of their opposite charges (ionic bonds) constitute
the ionic compound NaCl.

Figure 2.12.3. Ionic bonds are formed by the transfer of electrons and the mutual attraction of oppositely charged ions in a
crystalline lattice.
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