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Definition

The ionization energy of an atom or ion is the minimum energy required 
to remove an electron from the ground state of the isolated atom

 
or 

ion.

First, Second Ionization Energy

The first ionization energy (IE1

 

), is the energy needed to remove the 
first electron from a neutral atom.

The second inization energy (IE2

 

), is the energy needed to remove the 
second electron. The greater the ionization energy, the more difficult 
it is to remove an electron.

+ -Na (g)  Na  (g) + e→

+ 2+ -Na  (g)  Na  (g) + e→
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Ionization energies

The ionization energies for an element increase in magnitude as 
successive electrons are removed: IE1

 

< IE2

 

< IE3

 

, and so forth.

A sharp increase in ionization energies occur when an inner electron is 
removed (sharp increase in the effective nuclear charge, Z*)
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Periodic Trends in Ionization 
Energies

Within each row, IE1

 

generally 
increases with increasing atomic 
number. The alkali metals show the 
lowest ionization energy in each 
period, and the noble gases the 
highest.

As we move across a period, there is 
both an increase in effective nuclear 
charge and a decrease in atomic 
radius, causing the ionization energy 
to increase.
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Periodic Trends in Ionization 
Energies

Within each group, the ionization 
energy generally increases with 
decreasing the atomic number. For 
example, the first ionization energies 
of the noble gases follow the order:

As we move down a column, the atomic 
radius increases, while the effective 
nuclear charge remains essentially 
constant.

Thus, the ionization energy decreases 
from top to down.

He > Ne > Ar > Kr > Xe
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Some irregularities

The irregularities between a row (N-O, ...) are due to the differences 
in energy between “s” and “p” orbitals, and the additional stability of p3

 configurations
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