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11.1: Valence Electrons and the Periodic Table

£ Learning Objectives
o Explain the relationship between the chemical behavior of families in the periodic table and their valence electrons.
o Identify elements that will have the most similar properties to a given element.

The chemical properties of elements are determined primarily by the number and distribution of valence electrons. Since the groups
on the periodic table were originally organized based on their chemical behavior, it should be no surprise that the individual
members of each group have similar electron configurations of their valence electrons.

Section 4.9 described how Dmitri Mendeleev arranged the original periodic table so that elements with the most similar properties
were placed in the same group. For example, the alkali metals (Group IA) are quite soft and may easily be cut apart using a dull
knife. They also reacted in a similar manner with water to produce hydrogen gas. When they combined with oxygen, they were
found to do so in a 2:1 ratio of atoms. Once quantum mechanics was developed in the 1920s, it was found that the alkali metals all
had one valence electron, thereby explaining their similar reactions and the 2:1 atom ratio with oxygen.

The halogens (Group VIIA) were all observed to be colorful, reactive elements that combined with oxygen in a 7:2 atom ratio and
with the alkali metals in a 1:1 atom ratio. As a gas or vapor, the halogens all had a pungent odor. After the development of quantum
mechanics, it was shown that the halogens all had seven valence electrons, supporting their original placement into the same group
on Mendeleev's periodic table.
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Figure 11.1.1: Periodic table by Dmitri Mendeleev, 1871. (NikNaks, Public domain, via Wikimedia Commons)

The Modern Periodic Table and Chemical Bonds

As described in Section 10.6, the modern periodic table is arranged based on an atom's valence electrons. But what does this tell us
about how they form chemical bonds with each other? Why do sodium atoms and chlorine atoms combine in a 1:1 ratio, while
sodium and oxygen atoms combine in a 2:1 ratio? Much of this was already described in Chapter 5 in our study of chemical
nomenclature. At that time, it wasn't really explained why sodium atoms always form ions with a 1+ charge, why chlorine atoms
form ions with a 1- charge, or why oxygen atoms form ions with a 2— charge. By the time you complete this chapter, you will have
a much better idea.
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Figure 11.1.2: The modern periodic table. An interactive periodic table may be found here.

Summary

o All of the elements in the same group on the periodic table have the same number of valence electrons and similar chemical
properties.
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