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8.2  

Periodic classification of 

the elements 



When the Elements Were Discovered 



Classification of the elements. 

Cn Nh Fl Mc Lv Ts Og 



The ground-state electron configurations of the elements. For simplicity, only the configurations of the outer 

electrons are shown. 

Cn Nh Fl Mc Lv Ts Og 
7s27p5 

Ground State Electron Configurations of the Elements 
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Electron Configurations of Cations and Anions 

Ions Derived from Representative Elements 

Atoms lose or gain electrons so that cation or anions have a noble-gas outer 

electron configuration. 

Na: [Ne] 3s1 Na+: [Ne] 

Ca: [Ar] 4s2 Ca2+: [Ar] 

Al: [Ne] 3s2 3p1  Al3+: [Ne] 

In the formation of a cation from the 

atom of a representative element, one or 

more electrons are removed from the 

highest occupied n shell. 

In the formation of an anion, one or more 

electrons are added to the highest 

partially filled n shell. 

H: 1s1 H-: 1s2 or [He] 

F: 1s22s22p5 F-: 1s22s22p6 or [Ne] 

O: 1s22s22p4 O2-: 1s22s22p6 or [Ne] 

N: 1s22s22p3 N3-: 1s22s22p6 or [Ne] 
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Cations and Anions Of Representative Elements 



Isoelectronic atoms have the same number of electrons, and 

hence the same ground-state electron configuration. 

For example: 

Na+: [Ne] 

Al3+: [Ne] 

F-: 1s22s22p6  or  [Ne] 

O2-: 1s22s22p6  or  [Ne] 

N3-: 1s22s22p6  or  [Ne] 

 

Na+, Al3+, F-, O2-, and N3- are all isoelectronic  with Ne. 

For example: 

H- and He are isoelectronic. 



Electron Configurations of Cations and Anions 

Cations Derived from Transition Metals 

When a cation is formed from an atom of a transition metal, electrons are 

always removed first from the ns orbital and then from the (n –1)d  orbitals. 

For example: 

Fe: [Ar]4s23d6 

Fe2+: [Ar]4s03d6  or  [Ar]3d6 

Fe3+: [Ar]4s03d5  or  [Ar]3d5 

For example: 

Mn: [Ar]4s23d5 

Mn2+: [Ar]4s03d5  or  [Ar]3d5 

Mn3+: [Ar]4s03d4  or  [Ar]3d4 

Mn4+: [Ar]4s03d3  or  [Ar]3d3 



8.3  

Periodic variation in 

physical properties 



Atomic Radii 

covalent radius 

metallic radius 

In metals such as beryllium, the atomic 

radius is defined as one-half the distance 

between the centers of two adjacent atoms. 

For elements that exist as diatomic molecules, 

such as iodine, the radius of the atom is 

defined as one-half the distance between the 

centers of the atoms in the molecule. 



Trends in 

Atomic Radii 

Note that there is no general agreement on the size of atomic radii. We focus only on the trends 

in atomic radii, not on their precise values. 

Atomic radii (in picometers) 

of representative elements 

according to their positions 

in the periodic table. 



Plot of atomic radii (in 

picometers) of elements against 

their atomic numbers. 

General Trends in 

Atomic Radius 



EXAMPLE 

 

Referring to a periodic table, arrange the following atoms in order of increasing 

atomic radius: P, Si, N. 

Solution 

N and P are in the same group (Group 5A). Therefore, the radius of N is smaller 

than that of P (atomic radius increases as we go down a group). 

Both Si and P are in the third period, and Si is to the left of P. Therefore, the radius 

of P is smaller than that of Si (atomic radius decreases as we move from left to 

right across a period). 

 

Thus, the order of increasing radius is: 

N < P < Si 

Practice Exercise 

Arrange the following atoms in order of decreasing radius: C, Li, Be. 



8.4  

Ionization energy 



Ionization energy 

Ionization energy is the minimum energy (kJ/mol) required to remove an 

electron from a gaseous atom in its ground state. 

I1 < I2 < I3 < …. 

I1 + X(g)          X
+

(g) + e- 

I2 + X+
(g)          X

2+
(g) + e- 

I3 + X2+
(g)          X

3+
(g) + e- 

I1 first ionization energy 

I2 second ionization energy 

I3 third ionization energy 

When an electron is removed from an atom, the repulsion among the remaining electrons 

decreases. Because the nuclear charge remains constant, more energy is needed to 

remove another electron from the positively charged ion. Thus, ionization energies 

always increase in the following order: 



The ionization energies (kJ/mol) of the first 20 elements 



General Trends in First 

Ionization Energies 

The increase in first ionization 

energy from left to right across a 

period and from bottom to top in a 

group for representative elements. 

Variation of the first ionization 

energy with atomic number. 

Note that the noble gases 

have high ionization energies, 

whereas the alkali metals and 

alkaline earth metals have low 

ionization energies. 

Filled n=1 shell 

Filled n=2 shell 

Filled n=3 shell 

Filled n=4 shell 

Filled n=5 shell 



EXAMPLE 

(a) Which atom should have a smaller first ionization energy: O or S? 

(b) Which atom should have a higher second ionization energy: Li or Be? 

Solution 

(a) Sulfur should have a smaller first ionization energy. 

First ionization energy decreases as we go down a group because the outermost 

electron is farther away from the nucleus and feels less attraction. 

 

(b) The electron configurations of Li and Be are 1s2 2s1 and 1s2 2s2 , respectively. 

Therefore, it should be easier to remove a 2s electron from Be+ than to remove a 

1s electron from Li+. 

Removal of the outermost electron requires less energy if it is shielded by a filled 

inner shell. 

Practice Exercise 

(a) Which of the following atoms have a larger 1st ionization energy: N or P? 

(b) Which of the following atoms have a smaller 2nd ionization energy: Na or Mg? 



8.5  

Electron affinity 



Electron affinity 

Electron affinity is the negative of the energy change that occurs when an 

electron is accepted by an atom in the gaseous state to form an anion. 

X(g) + e-          X-
(g) 

F(g) + e-          X-
(g) 

O(g) + e-          O-
(g) 

DH = -328 kJ/mol EA = +328 kJ/mol 

DH = -141 kJ/mol EA = +141 kJ/mol 

The more positive is the electron affinity of an element, the greater is the affinity of 

an atom of the element to accept an electron. 



Electron affinities (kJ/mol) of some representative elements and the 

noble gases 



Variation of electron affinity 

with atomic number from 

hydrogen to barium. 

General Trends in 

Electron Affinities 



EXAMPLE 

Why are the electron affinities of the alkaline earth metals, shown in the Table 

(above), either negative or small positive values? 

 

Solution 

The valence electron configuration of the alkaline earth metals is ns2, where n is the 

highest principal quantum number. For the process 

where M denotes a member of the Group 2A family, the extra electron must enter 

the np subshell, which is effectively shielded by the two ns electrons (the ns 
electrons are more penetrating than the np electrons) and the inner electrons. 

Consequently, alkaline earth metals have little tendency to pick up an extra 

electron. 

Practice Exercise 

Is it likely that Ar will form the anion Ar- ? 




