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What exactly is the size of an atom?

One important periodic property of the elements is the size of atoms and ions. We often think of atoms and ions as hard, spherical
objects. According to the quantum mechanical model, however, atoms and ions do not have sharply defined boundaries. The
edges are a bit “fuzzy” because most of an atom’s volume is occupied by an electron cloud with no distinct boundary to separate
inside from outside. Yet, in many respects atoms do behave like ordinary objects, bouncing off each other as if hard boundaries
did exist. Chemists measure atomic radius as one-half the average distance between the centers of adjacent atoms in a solid. The
atomic radius of an atom does vary slightly depending on which other atoms that atom is bonded to.

Size trend in columns

Within each column (family or group) atomic radius tends to increase as we proceed from top to bottom. This trend occurs
because the number of occupied energy levels increases from top to bottom. Additional occupied energy levels mean that the
valence electrons are further from the nucleus, which of course means the atom will be larger. (Do NOT say that the atom is larger
simply because of more electrons, rather, it is important to comment on how/where those electrons are arranged/located.)

Size trend in rows

You might think that the size of the atom gets larger as you go across the chart because of the increasing number of electrons, but
as you move across the chart the electrons are added into the same energy level, the atom does not get larger. Next you might be
inclined to think that the size of the atom would stay the same because each electron is added into the same energy level, however,
atomic measurements show that the atom actually gets smaller across the row. The major factor influencing this decrease in size
is the increase in the positive pull from the nucleus. You must remember that every time an atom gets an extra electron, it also gets
an extra proton. Thus as moving across the chart the increasing nuclear charge steadily draws the electrons that are no further
away from the nucleus, closer to the nucleus, causing the radius to decrease.
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So what are the forces on electrons that affect the amount of space those electrons need within the
atom, which results in the size (atomic radius) of the atom?
To more completely understand the size issue, we must consider what are the forces, and what affects the forces within an atom.

There are two opposing forces: the +/— attraction between the protons and electrons (which causes the electrons to draw in closer
to the nucleus), and there is the —/— repulsion between electrons themselves (which causes the electrons to push apart).
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Coulomb’s law of electrostatic attraction: d2

This indicates that the strength of the interaction between two electrical charges (the + proton, and the — electron)
depends on the size of the total nuclear charge, ¢ (+ 1, +2, etc) and the square of the distance, d between the
nucleus and the electron of interest.

The total + charge (force) of the nucleus does not all “get out” to the valence electrons. Some of the positive force is blocked or
shielded by the inner core of electrons. Thus the force of attraction between a valence electron and the protons depends on the
amount of positive nuclear charge that actually “gets out” to the valence electrons, this is called effective nuclear charge. (ENC)

Secondly the average distance between the nucleus and those electrons is very important, as electrons are further from the
nucleus, so does the attractive force decrease. The force of attraction increases as the number of protons increases, and decreases
as the electron moves farther from the nucleus.

Furthermore, electrons repel each other and if there were no + pull acting on them, they would fly away from each other. It is the
resulting balance between these two opposing forces (+/— attraction and —/— repulsion) that results in the size of the atom.
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Positive ions

Like the size of the atom, the size of an ion depends on its nuclear charge, the number of electrons it possesses, and the orbitals in
which the outer energy level electrons reside. The ions follow the same periodic trends as the atoms. Let’s take a closer look at the
the effect on the size of a particle when it gains or loses electrons. When atoms lose electrons, positive ions result. The formation
of a cation (positive ion) eliminates the outermost electrons usually eliminating the outermost energy level, which would
obviously make the resulting ion smaller than its parent atom.

Negative ions

When an atom gains electrons, a negative ion results. Anions (negative ions) are always larger than their parent atom. Adding an
electron(s) to an atom increases the electron/electron repulsion in the outer most energy level resulting in an ion that will be larger
than its parent atom.

Comparing particles that all have the same number of electrons — isoelectronic particles

The effect of varying nuclear charge on ionic radii is seen in the variation of the radius of an isoelectronic series of ions. The term
isoelectronic means that all of the particles possess the same number of electrons. For example, each ion in the series O2-, F~, Ne,
Na*, MgZ*, Al3* has 10 electrons, and thus these particles are isoelectronic. The nuclear charge in this series increases steadily in
the order listed, and the ionic size decreases steadily as the effective nuclear charge draws the electrons in more tightly.
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Relative Sizes of some atoms and ions. (You may find it beneficial to view this colored image on your computer)
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