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1.4.2: lonization energy

Tonization energy (IE) is the energy required to remove an electron from a neutral atom or cation in its gaseous phase. IE is
also known as ionization potential.
A AN e IB=AU

Conceptually, ionization energy is the affinity of an element for its outermost electron (an electron it already has in its valence
shell).

18t 2" and 3" |onization Energies

The symbol I; stands for the first ionization energy (energy required to take away an electron from a neutral atom, where n = 0).
The symbol I, stands for the second ionization energy (energy required to take away an electron from an atom with a +1 charge,
n=2.)

o First Ionization Energy, I; (general element, A):
1+ -
A(g) — A(g) +e
o Second Ionization Energy, I, (general element, A):
1+ 24+, -
Ag Ay Te
o Third Ionization Energy, I3 (general element, A):
24 34 4 o
Ag 7 Ag Te

Each succeeding ionization energy is larger than the preceding energy. This means that Iy < I, < I3 <...< I, will always be
true. For example, ionization energy increases as succeeding electrons are taken away from Mg.

Mgy — Mg* 4y +e I =738kJ/mol
Mg" (g — Mg** (9 +e I =1451kJ/mol

Ionization energy is correlated with the strength of attraction between the positively-charged nucleus and the negatively-charged
valence electrons. The higher the ionization energy, the stronger the attractive force between nucleus and valence electrons, and the
more energy is required to remove a valence electron. The lower the ionization energy, the weaker the attractive force between
nucleus and valence electrons, and the less energy required to remove a valence electron.

General periodic trends in electron affinity

In general, ionization energies increase from left to right and decrease down a group; however, there are variations in these trends
that would be expected from the effects of penetration and shielding. The trends in first ionization energy are shown in Figure
1.4.2.1and are summarized below.

o Across a period: As Z* increases across a period, the ionization energy of the elements generally increases from left to right.
However there are breaks or variation in the trends in the following cases:

o IE is especially low when removal of an electron creates a newly empty p subshell (examples include I; of B, Al, Sc)

o IE energy is especially low where removal of an electron results in a half-filled p or d subshell (examples include I; of O, S)

o IE increases more gradually across the d- and f-subshells compared to s- and p- subshells. This is because d- and f- electrons
are weakly penetrating and experience especially low Z*.

o From one period to the next: There is an especially large decrease in IE with the start of every new period (from He to Li or
from Ne to Na for example). This is consistent with the idea that IE is especially low when removal of an electron creates a
newly empty s-subshell.

o Noble gases: The noble gases posses very high ionization energies. Note that helium has the highest ionization energy of all the
elements.

e Down a group: Although Z* increases going down a group, there is no reliable trend in IE going down any group; in some
cases IE increases going down a group, while in other cases IE decreases going down a group.

https://chem.libretexts.org/@go/page/494400



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/3.0/
https://chem.libretexts.org/@go/page/494400?pdf
https://chem.libretexts.org/Courses/Ursinus_College/CHEM322%3A_Inorganic_Chemistry/01%3A_Atomic_Structure/1.04%3A_Periodic_Properties_of_the_Elements/1.4.02%3A_Ionization_energy
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Ionization_Energy

LibreTextsm

2500 e
Increasin ' 3 1 e
—9 g 2000 — f
- [— s 1 i
W <
_J_I:x% 31500 -1 [1 /I' =
= 2 N P
e c e ‘Il [ /'. Hg Rn
[@)] o 1000 |/ 1 : p |I j
g = )V I g
E: N 1w [ b od
8 c f. 1 b | ) ‘l Y
S s f f ‘ ' i
= @ ] K Rb &
S T L 0 \ \ | \ [ | \ | \
First ionization energy (kJ/mol) 10 20 30 40 50 60 70 8 90
B sblock M pblock M dblock M fblock Atomic number

Figure 1.4.2.1: Graph showing the First Ionization Energy of the Elements. Left: ionization energies are mapped onto the periodic
table, where the magnitude of ionization energy is depicted as a bar graph. Right: the first ionization energy is plotted against
atomic number. In both panels the elements of the s-block are shown in purple, p-block are shown in green, d-block are shown in
red, and f-block are shown in blue. (CC BY-NC-SA 3.0; anonymous)

Plots of the I;, I2, and I3 of elements from hydrogen to krypton (first four periods) are shown in Figure 1.4.2.2 Notice that

I3 > I, > I . Also notice that trends mentioned above for I; hold true for subsequent ionizations when electron configurations are
considered!
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Figure 1.4.2.2. The first (I1), second (I3), and third (I3) ionization energies plotted for elements with Z = 1 to 36 (H to Kr). The
position of each element in its atomic form is indicated as s- p- or d-block. (CC-BY-NC-SA; Kathryn Haas)
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