Chapter 6

How Atoms Bond

THE MAIN IDEA

Atoms bond by exchanging
or sharing electrons
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When the number of protons and electrons in an atom are equal, the
charges balance and the atom is electrically neutral. If electrons are lost
or gained, then the balance is lost and the atom takes on a net electric
charge. Any atom having a net electric charge is an ion. When electrons
are lost, protons outnumber electrons and the ion has a positive net
charge, as shown in Figure 6.4. A positively charged ion is sometimes
referred to as a cation. When electrons are gained, electrons outnumber
protons and the ion has a negative net charge, as shown in Figure 6.5.
A negatively charged ion is sometimes referred to as an anion.

< Figure 6.4

An electrically neutral
sodium atom contains 11
negatively charged elec-
trons surrounding the 11
positively charged protons
of the nucleus. When this
atom loses an electron, the
result is a positive ion.
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Figure 6.5 >

An electrically neutral flu-
orine atom contains nine
protons and nine electrons.
When this atom gains an
electron, the result is a
negative ion.

READING CHECK

Why do you NOT need to
memorize the type of ion
each atom tends to form?

Chemists use a superscript to the right of the atomic symbol to
indicate the strength and sign of an ion’s charge. Thus, as shown in
Figures 6.4 and 6.5, the positive ion formed from the sodium atom
is written Na!* and the negative ion formed from the fluorine atom is
written F'". Usually the numeral 1 is omitted when indicating either a
1+ or 1- charge. Hence, these two ions are most frequently written Na*
and F-. Two more examples: a calcium atom that loses two electrons
is written Ca®’, and an oxygen atom that gains two electrons is written
O~.

We can use the shell model to deduce the type of ion an atom tends
to form. According to this model, atoms tend to lose or gain electrons to
create a filled outermost shell. A filled outermost shell is stable because
there’s not much that can happen there. The filled shell can’t gain elec-
trons because it’s already filled. Conversely, the filled shell can’t lose
electrons because these electrons are held tightly by the positive charge
of the nucleus. Let’s take a moment to consider this point, looking to
Figures 6.4 and 6.5 as visual guides.

If an atom has only one electron or only a few electrons in its outer-
most occupied shell, it tends to give up (lose) these electrons so that the
next shell inward, which is already filled, becomes the new outermost
occupied shell. The sodium atom of Figure 6.4, for example, has one
electron in its third shell. In forming an ion, the sodium atom loses this
electron, thereby making the second shell, which is already filled to
capacity, the new outermost occupied shell. Because the sodium atom
has only one valence electron to lose, it tends to form only the 1+ ion.
It is a positive ion, because the number of protons (11+) now exceeds
the number of electrons (10-).

If the outermost shell of an atom is almost filled, that atom attracts
electrons from another atom and so forms a negative ion. The fluo-
rine atom of Figure 6.5, for example, has available space for only one
additional valence electron. After this additional electron is gained, the
fluorine atom achieves a filled outermost shell. Fluorine therefore tends
to form the 1- ion. Remember, electrons are negatively charged. So,
gaining an electron results in a negative ion.

The periodic table tells us the type of ion each atom tends to form.
As Figure 6.6 shows, each atom of any group 1 element, for example,
has only one valence electron and so tends to form the 1+ ion. Each
atom of any group 17 element has room for one additional electron in its
valence shell and therefore tends to form the 1—ion. Atoms of the noble
gas elements tend not to form ions of any type because their valence
shells are already filled to capacity.
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N\ Figure 6.6

The periodic table is your guide to the types of ions that atoms tend to form within an ionic compound.

As is indicated by color in Figure 6.6, the attraction between an atom’s
nucleus and its valence electrons is weakest for elements on the left in the
periodic table and strongest for elements on the right. From sodium’s position
in the table, we can see that a sodium atom’s single valence electron is not
held very strongly, which explains why it is so easily lost. The attraction
the sodium nucleus has for its second-shell electrons, however, is much
stronger, which is why the sodium atom rarely loses more than one electron.

On the other side of the periodic table, the nucleus of a fluorine atom
strongly holds onto its valence electrons, which explains why the fluorine
atom tends not to lose any electrons to form a positive ion. Instead, fluorine’s
nuclear pull on the valence electrons is strong enough to accommodate even
an additional electron taken from some other atom.

The nucleus of a noble gas atom pulls so strongly on its valence elec-
trons that they are very difficult to remove, so noble gas atoms generally
do not lose electrons. However, because their outermost shells are already
filled to capacity, they generally don’t gain electrons either. Thus, these
atoms tend not to form ions of any sort.

Using our shell model to explain the formation of ions works well for
groups 1 and 2 and groups 13 through 18. However, this model is too sim-
plified to work well for the transition metals of groups 3 through 12 and the
inner transition metals. In general, these metal atoms tend to form positive
ions, but the number of electrons lost varies. For example, depending on
conditions, an iron atom may lose two electrons to form the Fe*" ion or lose
three electrons to form the Fe* ion.

CONCEPT CHECK
What type of ion does the magnesium atom, Mg, tend to form?

CHECK YOUR ANSWER

FOR YOUR
INFORMATION

What do the ions of the following
elements have in common: cal-
cium, Ca; chromium, Cr; cobalt,
Co; copper, Cu; iodine, [; iron, Fe;
magnesium, Mg; manganese, Mn;
molybdenum, Mo; nickel, Ni; phos-
phorus, P; potassium, K; selenium,
Se; sodium, Na; sulfur, S; and zing,
Zn? They are all dietary minerals
that are essential for good health
but that can be harmful, even
lethal, when consumed in excessive
amounts.

The magnesium atom (atomic number 12) is found in group 2 and has two valence electrons to lose (see Figure

6.6). Therefore, it tends to form the 2+ ion.
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CONCEPT CHECK

Molecules Can Form lons

We have seen that atoms form ions by losing or gaining electrons. Interestingly,
molecules can also become ions. In most cases, this occurs whenever a mol-
ecule loses or gains a proton—equivalent to the hydrogen ion, H'. (Recall
that a hydrogen atom is a proton together with an electron. The hydrogen
ion, H', therefore, is simply a proton.) For example, a water molecule, H,O,
can gain a hydrogen ion, H" (a proton), to form the hydronium ion, H,O":

Similarly, the carbonic acid molecule, H,CO,, can lose two protons to
form the carbonate ion, CO32‘:

How these reactions occur will be explored in later chapters. For now,
you should understand that the hydronium and carbonate ions are examples
of polyatomic ions, which are molecules that carry a net electric charge.
Table 6.1 lists some commonly encountered polyatomic ions. Interestingly,
these common polyatomic ions consist of all non-metal atoms. The reason
for this is because of the tendency of non-metal atoms to form molecules,
which we discuss later in this chapter.

TABLE 6.1 Common Polyatomic lons

Why does the magnesium atom tend to form a 2+ ion?

CHECK YOUR ANSWER

Magnesium is on the left in the periodic table, so atoms of this element do not hold onto their two valence
electrons very strongly. Because these electrons are not held very tightly, they are easily lost, which is why the
magnesium atom tends to form the 2+ ion.



