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Chapter IV - Periodic classification of elements

I-Introduction

The periodic table remains the primary tool for comparing chemical elements, as it helps
explain the grouping of elements, their chemical properties, and their structural characteristics.
The study of the electronic structure of atoms provides a deeper insight into the periodic
classification of elements, commonly known as Mendeleev’s periodic classification, which was

established in 1869.

II-Mendeleiev's Periodic Classification

As the number of known chemical elements increased, 19th century chemists felt the need to
order them. In 1869, D. Mendeleev classified the periodicity of the properties of 63chemical
elements known at that time in a table based on the ascending order of their atomic masses.
This periodic table not only facilitates the comparison between elements but also has allowed
for a better understanding of the relationship between chemical properties and their atomic

structures
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Figure I: Periodic Table of D. Mendeleev in 1869

ITI-Modern periodic classification
At present, the modern classification is based on the ascending order of the atomic number Z.

Periodic classification is based on Pauli's exclusion principle, Hund and Klechkowski's rules.
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Figure I1I-1: Modern Periodic Table

The periodic table is described as follows:

1-Blocks: Elements are placed in three blocks:

Block (S): Corresponds to the filling of the subshell (ns). The s-block consists of elements
found in columns 1 (alkali metals) and 2 (alkaline earth metals) of the periodic table, as well as
hydrogen and helium. They are called so-because their highest (in energy) occupied orbital is
of type s.

Block (P): Corresponds to the filling-of the subshell (np). The p-block consists of elements
found in columns 13 to 18.of\the/periodic table. They are called so because their highest (in
energy) occupied orbitalwis.of type p. This block includes the icosagens (column 13), the
crystallogens (column“14), the pnictogens (column 15), the chalcogens (column 16), the
halogens (column<17), and the noble gases (column 18), excluding helium.

Block (d): Corresponds to the filling of the subshell ((n-1) d). The d-block consists of elements
foundin columns 3 to 12 of the periodic table. They are called so because the highest (in energy)
occupied orbital is of type d.

Block (f): Corresponds to the filling of the subshell ((n-2) f). The f-block consists of internal
transition elements of the periodic table: the lanthanides and actinides. They are called so

because the highest (in energy) occupied orbital of these atoms is of type f.
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Figure III-2: Different Blocks of the Periodic Table

Periods (Rows): A period corresponds to an electron shell identified by its principal quantum
number denoted as (n). There are seven electron shells known(in'the ground state, hence seven
periods.

Groups (Columns): There are eighteen columns, (including Eight in subgroup A ten in
subgroup B Elements of the same family have the same number of valence electrons; the family
number corresponds to the number of valence-electrons. Each subgroup consists of 8 groups,
as shown in Figure. The group is symbolized"by Roman numerals (I-VIII). By definition, the
group represents the valence electrons

All elements in the same period-have the same core electron configuration.

All the elements in the same'column have the same valence electron configuration.

These two classifications, which are not very different from each other, are presented in the
form of a table containing 7 rows (period) and, depending on their external structure, these
elements are classified in 18 columns.
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Figure III-2: Periodic Table Groups and Periods
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The 18 columns of the periodic table are divided into groups. The group contain 2 subgroups:
An element belongs to subgroup A if the valence electrons are distributed in the subshell (ns*),
(ns* npY), or ns* (n-1)d'® np?, with x and y different from 0.

An element belongs to subgroup B if its valence electrons are distributed in the shell ns*(n-1)

d* np°, with x ranging from 1 to 10, or ns (n-2) f (n-1) d np0. (the f subshell appears from n=6

onwards).
Subgroup A Subgroup B
1 10 1
Group |: nS Group I: (n-1)d ,nS
2 10 2
Group ll: nS Group Il: (n-1)d ,nS
2 1

Group lll: nS ,nP

2 2
Group IV: nS ,nP

1 2
Group lll: (n-1)d ,nS

2 2
Group VI: (n-1)d ,nS

3 2
2 3 ) i
Group V: nS ,nP Group V: (n-1)d nS

4 2
1 5 ) i
Group VI: nS ,nP Group VI: (n-1)d nS

5 2
2= Group VII: (n-1)d nS
Group VII: nS ,nP

X 2
6 Group VIllI(Triade): (n-1)d nS

2
Group VIII: (noble gas): nS ,nP

Example for Elements of Subgroup A(Main Group Elements):

column | group Electron
Configuration

1 A ns'

2 ITA. ns’

13 A ns® np!

14 IVA ns’ np?

15 VA ns? np’

16 VIA ns? np*

17 VIIA ns® np’

18 VIIIA ns? np®




Example for Elements of Subgroup B (Transition Elements):
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column | group Electron Configuration
I11B [Ar]4s23d1

4 IVB Arl4s23d2

5 VB [Ar]4s23d3

6 VIB [Ar]4s13ds (Cr exception)

7 VIIB [Ar]4s23ds

8 VIIIB [Ar]4s23ds

9 IXB [Ar]4s23d7

10 XB [Ar]4s23ds

11 IB [Ar]4s13d10 (Cu exception)

12 1IB [Ar]4s23dio

Example: determine the group, subgroup for the following ¢lements

Yalence

Element Electronic configuration Eléctrons Period Group/subgroup
11Na 1S822822p% 38! 1 3 I
18AT 182 2522p% 3823pb 8 3 vir |
22Ti 1S22822p% 3S23ps 4823d> 4 4 v,

2sMn 1S22822pf3S23ps 4823d° 7 4 Vi
VIII
26Fe 1S22822p% 3823pS 4823d° 8 4 B
Triades
30Zn 1822S22p% 3S23p% 4823d1° 2 4 I
ISZ 28221)6 3S23p6 VII
R 4523d1%4p’ 7 4 A
1S22822p%3823p93d!° VI
2Mo 452319 55144° 6 S B
2 29,6 22164Q22A410
oAg 1S22822p%3823p54S23d ; 5 I

4p©5s'4d"
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2-Element Families

The periodic table is divided into several families, each consisting of elements whose atoms
share the same valence shell configuration. The principal families of the periodic table include:
Alkali Metals Family (Column 1): Group IA, with an electron configuration of the type ns'.
Alkaline Earth Metals Family (Column 2): Group IIA, with an electron configuration of ns?.
Halogens Family (Column 17): Group VIIA, with an electron configuration of ns*np°.

Noble Gases Family (Column 18): Group VIIIA, with an electron configuration of ns*np®,
Metalloids (Semiconductors) Family: These elements form a boundary that separates metals
and non-metals. It includes all elements from the 13" column to the 18" column: These
elements share properties with non- metals but conduct electric current to varying degrees.
Examples include Si, Ge, As, and Sb.

Transition Elements Family (Columns 3 to 12): These elements have‘incompletely filled (d)
orbitals.

Rare Earth Elements Family: Involves f-orbital elements, with two types in this family:
Lanthanides, corresponding to elements in the 6th peried with 57 < Z < 71, and Actinides,

concerning atoms in the 7" period with 89 <Z <103.
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Figur III-2: Families of the periodic table

IV- Evolution And Periodicity of Physico-Chemical Properties

IV-1-Variation in protons number Z

On a row of the classification, number of proton
Z increases regularly from left to right. .

In the same column, Z increases from top to bottom.
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IV-2-Atomic radius

The atomic radius is the covalent radius,
It is defined as the half-distance between

the nuclei of two adjacent atoms.
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When the atomic number Z increases over a period, the atomic radius decreases.

In a group: when the atomic number Z increases, the atomic radius increases:.

And as the quantum number n main orbitals valence increases, the size of the orbitals increases

hreigaoinlis

Figure IV-2: evolution of atomic radius

IV-3-Ionic radius

The ionic radius characterises thes-volume occupied by the electrons in the electron cloud, except

that for ions, the number of electrons differs from the neutral form, which explains two opposite

phenomena: for cations, this radius is always smaller than the positive charge and will be

smaller than the atomic radius of the atom.

Conversely, for anions, which are negatively charged and have more electrons, the ionic radius

will be greater than the atomic radius, and the greater the charge, the greater the ionic radius.
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Figure I'V-3: Ionic radius for cations and anions
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IV-4-Ionisation energy I

This is the energy required to remove an electron from an atom or ion in the gaseous state:

+ In one period: v
the peripheral electrons are harder to pull off
as Z increases, because the attractive force

of the nucleus increases, so if Z increases, EI increases.

+ In a group:

Ionisation energy EI decreases as Z increases, as we move from the n layer to the(n+1) layer,

so the peripheral electrons are further away from the nucleus.

IV-5-Electron affinity AE
The electron affinity AE is the amount of energy associated whenwan atom in the gas phase
captures an electron

X(g) t1e —> X(g)

In a period, when Z increases, A increases (in absolute value). There are several exceptions to
this rule. The variation in A as a function ofZ-can be explained by a variation in inter-electron

repulsion depending on the electronic configuration.

A.r.f‘

In a group, AE generally decreases (in absolute value)

v

as Z increases because the.added electron has to occupy

. AE
an orbital further and further away from the nucleus. YN

IV<6-Electronegativity (y)

Electronegativity is the ability of an element to attract an electron.

In a period:  increases as you move to the right, x 7

In a group: x decreases as you move downwards.
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Increasing electronegativity

Decreasing electronegativity

Figure 1V-6: Electronegativities of elements

IV-6-1-Mulliken scale

Mulliken originally defined electronegativity as the average of an element’s first ionization
energy and its electron affinity. A highly electronegative element tends to attract electrons
strongly, meaning it requires a large amount-of energy to remove an electron (high ionization
energy) but readily gains one.

The electronegativity of an atom of.a_chemical element involved in a chemical bond is given
by the relationship:

IV-6-2-Slater model

Slater's model is a simple model which allows us to calculate average charges, actually
perceived by the electrons (taking into account the charge of the nucleus and those of the other
electrons, the latter eclipsing the nucleus).

Fromthese effective charges, we can calculate the energy levels of the atomic orbitals and the
electronic energies of atoms in their ground state.

Consider an atom whose nucleus has a charge Z. Consider the attraction between the Z protons
in the nucleus and any electron E in the atom.

The attraction is disturbed by the electrons located between the nucleus and electron E.

These electrons form a screen. We then define a screen constant that depends on the position

of the atom's electrons relative to electron E
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# The charge Z of the nucleus of the atom then becomes an effective charge Z*< Z relative
to the electron E :
7*=7-6=7Z-X i
where 6 is called the screen constant.
Note!

The effective charge Z* depends on the electron for which the calculations are being made.
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Figure IV-6-2: Representation.of Slater's Rule

IV-6-3-Calculation of the effective charge.Z*

1-Write down the electronic configuration of the element and order it according to: (1s) (2s,2p)
(3s, 3p) (3d) (4s, 4p) (4d) (49) (5s,5p)...

2- Choose the electron for which-we are looking for the effective charge. All the other electrons
will make a partial contributionie; to the total screen constant 6.

This contribution depends on:

- the type of orbital (s, p), (d) or (f) of the electron,

- the electron's electronic layer n.

3- The value.of 6; is summarised in the following table:
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Z* 4s = 30- (1 = 0.35) — (18=0.85) — (8=1) — (2 =1) = 4.35
Z* 3d = 30-(9 = 0.35) —(8=1) —(8=1) — (2 =1) = 8.85
Z* 3s 3p = 30- (7 = 0.35) — (8=0.85) — (2 =1) = 18.75

ej
Is 2s2p | 3s3p | 3d 4sdp 4d 4f 58,5p
Is 0.31 0 0 0 0 0 0 0
2s2p | 0.85 0.35 0 0 0 0 0 0
3s.3p 1 0.85 0.35 0 0 0 0 0
3d 1 l l 0.35 0 0 0 0
& 4s4p 1 1 0.85 0.85 0.35 0 0 0
4d 1 l l l | 0.35 0 0
4f 1 1 | | 1 1 0.35 0
5s.5p 1 | | | 0.85 0.85 0.85 0.35
Examples: Calculate the effective atomic number of: C and 17Cl
6C: 182 282 2p?
Zeff=6—-(3x0,35+2x0,85) = zeff =3,25
17CL: [187] 5 [287 ; 2p°] 5 [3s% 5 3p°]
Zeff=17-(6 % 0.35) - (8 x 0.85)— (2 x 1)=6.1
e JE 3N B~
. / o 7.,,-‘ —— e
Zn:Z =30 :[1s>]:[2s2:2p°]:[ 3s:3p°]:[3d°]: [as>]
S S— — -———- \
> O3 O3 >
) 77-/‘,- -"‘4 _ 7‘/" -




