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Electronic structure and Periodic Law

Types of elements: According to the electronic configurations,
the elements may be divided into four types. The four types of
elements are:

(1) The Inert Gases (Elements of O group).

(2) The Representative elements (s and p block elements).
(3) The Transition Elements (d block elements).

(4) The Inner Transition Elements (f block elements).

The Inert Gases: The zero group elements have been placed at
the end of each period in the periodic table. It appears that these
elements having s?p® electronic arrangements in the outermost
level are very stable. Helium has 1s? stable arrangement and all
other inert gases have s?p® outer configurations. These elements
are colourless gases.



The Representative Elements (s and p block elements):
These elements generally belongs to a A sub-group of the Periodic
Table. These elements have the outermost energy level incomplete
just after the complete or stable groupings of s2p®.

The chemical behavior of these elements depends upon the
valence electrons and these are both metals and non metals. The
alkali metals (Group IA) and alkaline earth metals (Group IIA) are s
block elements. The valence electrons of all the elements from
boron to halogens (Group IIIA to VIIA vertically) occupy p orbitals.
Hence these elements are called p block elements. They generally
form colourless compounds.



The Transition Elements (d block elements): These elements
are generally heavy metals of sub-group B and contains two
incomplete energy levels because of the building up of the inner d
electrons. The chemical properties of these elements depend upon
the electrons from the two outermost levels (s and d electrons).
These elements generally form coloured compounds.

These elements have normally the same number of electrons in the
outermost level but have a progressively greater number of
electrons in an inner level (such as d level) and hence they are
called as “"Transition Elements”.

The Inner Transition Elements (f block elements): These
elements have three incomplete outer levels. The orbital in which
the electron is added on increasing the atomic number is an f
orbital. The inner transition elements (lanthanides and actinides)
are all metals and show variable oxidation states. Their compound
are highly coloured.



The properties of Transition Elements (d block elements):
The properties of transition elements are summarized in the
following points:

1.

2.

4.

All the elements are of high melting points, electropositive and
heavy metals.

These metals have almost the same atomic and ionic sizes.
There is only slight increase in the ionization energy of the
formation of M*2 ions.

All these elements show positive oxidation states of +2 and +3
generally and form mostly ionic compounds. Higher oxidations
states are also exhibited in some cases.

As a general rule, the transition elements form coloured
compounds.

5. These elements are also effective catalytic agents.
6.

All these form quite a large number of complex compounds.

These properties are due to the influence of the incomplete inner d
orbitals in the transition elements.



Variation of Properties within Periods and Groups:

1. Variation of Metallic Character of the elements: Generally,
it may be noticed that in the periodic table the metallic
character of the elements decreases from left to right
progressing in the series but increase in moving vertically from
top to bottom in the groups. The term “metallic character” is a
rough and combination of a number of specific properties, such
as electrical and thermal conductivities, metallic lustre, reducing
properties etc. Except the transition elements, the trend in the
variation of metallic character of elements follows the above
generalization. For instance, the most non-metallic elements,
fluorine, chlorine, oxygen, sulphur, nitrogen are found at the
upper right of the periodic table whereas the most basic metals,
the alkali and alkaline earth metals are at the lower left of the
table.



2. Variation in atomic size: The atomic size in each succeeding
element in a period decreases. When the succeeding electrons
go into the same energy levels they are subject to greater
attraction by the increased nuclear charge and hence the
elements in a series show gradual decrease in the atomic size.

Vertically in the groups the succeeding elements increasing
atomic radii. This is due to the fact that the additional electron
occupies a new sub-level with a quantum number higher than
those of already filled energy levels.



3. Variation in Ionic Radii: It is obvious that the size of a
positive ion will be less than that of atom from which it is
formed. There is considerable decrease in size due to the loss
of the outermost electron particularly in the case of alkali
metals. Thus in the series, the decrease in the ionic sizes of
Na*, Mg+, AlI*3 and Si** appear to be considerable as
compared to the atomic sizes of the parents atoms. It will also
be seen that the greater the nuclear charge, the smaller is the
ionic radius in a series. In a given group of the periodic table
positive ions of succeeding elements have larger ionic radii.

A simple negative ion formed by the addition of one or more
electrons to the outermost energy levels of an atom, is
expected to be mach larger than the parent atom. In a given
group the negative ions will have larger radii due to larger
number of electron levels. The ionic sizes in a series also follow
the same trend as in case of positive ions, i.e., the sizes
decrease gradually from element to element.



4. Variation in the ionization potential: Ionization potential is

5.

defined as the energy required to remove the outermost
electron from an atom. In general, the greater the nuclear
charge of atoms having the same number of electron orbit, the
greater the ionization potential. Thus the ionization potential
increases in a series and shows decreasing tendency with a
group in the periodic classification.

Variation in Electronegativities: The power of attraction
that an atom shows for electron in a covalent bond
(electronegativity) also shows periodic variations. The most
electronegative elements are found towards the end of the
periods. Metal having low electronegativities are found at the
beginning of the periods. Thus the alkali metals show gradually
decreasing electronegativity values within the group. The
halogens are most electronegative elements and the values
decrease from fluorine to iodine.



6. Variation in the Oxidizing and Reducing Power: Oxidizing
substances have tendency to accept electrons and are
converted into lower oxidation states. The non-metals at the
extreme right of the periodic table tend to act as oxidizing
agents in chemical reactions with other substances. Similarly,
reducing substances give up electrons and are converted into
higher oxidation state during chemical reaction. The reducing
power is the highest with the metals at the beginning of the
periods. Thus alkali metals have the greatest reducing power.
In general, the reducing power of the elements is progressively
lower as we pass across the periods and higher, as we go down
the groups.



Usefulness of the Periodic Table:

1. Classification of the elements.

2. Prediction of undiscovered elements.
3. Correction of atomic weight.

4. Periodic table in industrial research.



Limitation of the periodic Table:

1. Position of hydrogen: The position of hydrogen in the
periodic table is left undecided. It has similarities in properties
with both the alkali metals and halogens. According to the
atomic number or atomic weight, hydrogen should occupy a
position just before helium.

Hydrogen is a gas like fluorine and chlorine and forms
compounds like CH,, SiH, which are like CCl, and SiCl,
respectively. Even Solid hydrogen is a non-metal resembling
iodine. The hydrogen molecule is diatomic like halogen.

On the other hand, hydrogen resembles lithium and other alkali
metals in having one electron 1s! which can be lost in forming
the hydrogen ion. Again, sodium hydride and sodium fluoride
are both crystalline ionic solids, a point which shows similarity
of hydrogen with fluorine. But in most cases it assumes a +1
oxidation state. For this reason, hydrogen is usually included in
group IA of the table



2. Position of lanthanides (Rare Earths ) and Actinides: The
rare earths are also known as lanthanides. Lanthanide series are
metals. On the other hand, the elements of actinide series are
trans-uranium elements.

The lanthanides elements have two outermost energy levels
identically occupied by electrons which give them great
similarities in properties. Similarly, the electronic configurations of
the elements of actinides series have been found to very similar
to that of lanthanides. Both of these groups of elements contain f
energy levels which are being systematically filled. Thus, in
lanthanide series, cerium to lutccium contains 4f2 to 414 and the
actinide series of the 5f2 to 5f14 is being completed at lawrencium
(103). Their compounds are very closely related to one another
which involves tremendous difficulties in their separation. It may
be assumed that these elements form a sort of bridge between
the preceding and following elements.

Thus, for the same reason, lanthanide and actinide series are
generally omitted from the main table and placed at the bottom
of the periodic table.



Diagonal relationships: Lithium of group IA resembles
magnesium of group IIA in many respects contrary to its group
properties. Similar relationship exists between the some other
elements. Beryllium of group ITA shows similarity with aluminum of
group IIIA. Boron of group IIIA shows likeness with silicon of
group IVA. Thus the light elements of one group shows similarity in
properties with the second elements of the following groups. This
similarity is generally referred to as diagonal relationship in the
periodic table as shown below:

Group | Il ]| AV} \'} Vi VII 0

Element Li Be B C N (0 F Ne
NN N N N NN

Element Na Mg Al Si P S Cl Ar




The diagonal relationship between the elements may be explained
in terms of the electropositive character of the elements. Although
an element present in a given group is more electropositive than
the corresponding element of the next higher group, the elements
more electropositive in passing down the group. Thus, Li in group
IA is more electropositive than Be in group IIA, but Mg is also more
electropositive than Be. Thus, both Li and Mg are more
electropositive than Be and less electropositive than Na.

The other explanation is based on the sizes of the ions formed by
the removal of valence electrons. Thus, Lit ion is almost of the
same size as Mg*? ion. Similarly, Be*2 and Al*3 ions have
approximately the same ionic size. B3 and Si** also present the
same situation. Compounds having similar properties of the
elements showing diagonal relationship are formed due to the
effect of ionic sizes.
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