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4.9: lon Formation

& Learning Objectives
o Define the two types of ions.

Up until now, we have only considered atoms that are neutral, where the number of electrons is equal to the number of protons. As
we recall, an atom consists of a positively charged nucleus that contains the protons and neutrons that is surrounded by a cloud of
negatively charged electrons (Figure 4.9.1). This makes the electrons more accessible, resulting in their ability to more readily be
gained or lost. This is also why it is the number of protons in the nucleus that determines the identity of the element — the number
of protons does not change.
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Figure 4.9.1: Helium atom showing the nucleus surrounded by an electron cloud. Cepheiden, CC BY-SA 3.0, via Wikimedia
Commons

As we will learn in Chapter 11, atoms tend to form chemical bonds by having complete outer shells of electrons. In some cases, it is
easier for an atom to gain electrons to make an outer shell complete. In other cases, it is easier for an atom to lose outer shell
electrons to arrive at a complete shell that lies below.

An atom that has gained or lost one or more electrons is called an ion. An ion always has a charge that is positive (+) or negative
(-). An ion with a positive charge is called a cation, while an ion with a negative charge is called an anion. An easy mnemonic to
distinguish the two is that the the word cation contains a plus sign (in other words, think of it as ca+ion).

Cations

Metals generally have three or fewer outer shell electrons making them more likely to lose electrons. Atoms that lose electrons
acquire a positive charge since there are fewer of the negatively charged electrons that remain in the electron cloud compared to the
positively charged protons that are present in the nucleus. Consider a sodium atom, which ordinarily loses one electron (Figure
4.9.2). The cation produced in this manner, Na®, is called a sodium ion to distinguish it from a neutral atom of sodium.
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Figure 4.9.2: The formation of a sodium ion. On the left, a sodium atom has 11 electrons. On the right, the sodium ion has only 10
electrons and a charge of 1+.
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Also notice that the ion charge is written as 1+ rather than +1. The convention for showing charges on particles is to always write
the sign after the number. Using this convention gives us the "heads up" that we are looking at the charge of a particle rather than
an ordinary positive or negative number. If we want to summarize the process of sodium losing an electron to form the ion, we may
write it like this:

Na — Nat +e” (4.9.1)

In table salt, NaCl, this electron is "donated" to an atom of chlorine.

Anions

Nonmetals generally have four or more outer shell electrons making them more likely to gain electrons. Atoms that gain electrons
acquire a negative charge since there would be more of the negatively charged electrons present in the electron cloud compared to
the positively charged protons in the nucleus. Consider a chlorine atom, which ordinarily gains one electron (Figure 4.9.3). The
resulting anion, CI, is called the chloride ion. Note the slight change in the suffix (-ide instead of -ine) to create the name of this
anion.
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Figure 4.9.3: The formation of a chloride ion. On the left, the chlorine atom has 17 electrons. On the right, the chloride ion has 18
electrons and has a 1- charge.

If we want to summarize the process of chlorine gaining an electron to form the ion, we may write it like this:
Cl+e — QI (4.9.2)

In table salt, this electron comes from the sodium atom.

Location, Location, Location!

In many cases, elements that belong to the same group on the periodic table form ions with the same charge because they have the
same number of outer shell electrons. Thus, the periodic table becomes a tool for remembering the charges on many ions. For
example, all ions made from alkali metals, the first column on the periodic table, have a 1+ charge. Ions made from alkaline earth
metals, the second group on the periodic table, have a 2+ charge. On the other side of the periodic table, the next-to-last column,
the halogens, form ions having a 1— charge. Figure 4.9.4 shows how the charge on many ions may be predicted its location.

Once again, note the convention of writing the sign after the number. The barium cation is written Ba®*, not Ba*?
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Figure 4.9.4: Predicting ionic charges. The charge an atom acquires when it becomes an ion is often related to its position on the
periodic table.

Example 4.9.1

A. How many protons and electrons are in a potassium ion, K*?
B. What is the chemical symbol and charge of an ion that has 25 p* and 23 e™?

Solution

A. Potassium has an atomic number is 19, so there are 19 p™.

Since there is a single positive (+) charge on the ion, there must be one more positively charged proton in the nucleus than
there are negatively charged electrons in the electron cloud.

Therefore, there are 18 e”.
B. With 25 p*, the atomic number (Z) is 25. This identifies the element as manganese, Mn.

Since there are two more protons, p*, than electrons, e”, there is an excess of two positive (+) charges on the ion, meaning its
charge is 2+.

Therefore, we write the symbol and charge as Mn>*.

L2

. Exercise 4.9.1

How many protons, electrons, and neutrons are in each ion?

A. How many protons and electrons are in a phosphide ion, P>7?
B. What is the formula of an ion (its chemical symbol and charge) that has 53 p* and 54 e™?

Answer A
15p*, 18 e”

Answer B
I

https://chem.libretexts.org/@go/page/289367


https://libretexts.org/
https://chem.libretexts.org/@go/page/289367?pdf

LibreTextsw

This page is shared under a CK-12 license and was authored, remixed, and/or curated by Lance S. Lund (Anoka-Ramsey
Community College), Melissa Alviar-Agnew, and Henry Agnew. Original source: https://www.ck12.org/c/chemistry/.
LICENSED UNDER
QCK-IZ Foundation

[F.CK-12 Foundation is licensed under CK-
12 Curriculum Materials License

4.9: Ton Formation is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.

https://chem.libretexts.org/@go/page/289367


https://libretexts.org/
https://chem.libretexts.org/@go/page/289367?pdf
https://www.ck12.org/
https://chem.libretexts.org/Courses/Anoka-Ramsey_Community_College/Introduction_to_Chemistry/04%3A_Atoms_and_Elements/4.09%3A_Ion_Formation
https://www.ck12info.org/curriculum-materials-license/
https://www.ck12.org/c/chemistry/
https://www.ck12info.org/curriculum-materials-license/
https://chem.libretexts.org/Courses/Anoka-Ramsey_Community_College/Introduction_to_Chemistry/04%3A_Atoms_and_Elements/4.09%3A_Ion_Formation
https://chem.libretexts.org/Courses/Anoka-Ramsey_Community_College/Introduction_to_Chemistry/04%3A_Atoms_and_Elements/4.09%3A_Ion_Formation?no-cache=

