CHAPTER 5

PERIODIC CLASSIFICATION
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* Images & video clips have been taken
from various sources on the internet.

* Some images and video clips have been
modified according to the syllabus.

Images courtesy: google.com
Video clips courtesy: youtube.com

Use this presentation for Education purpose
only.
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The earliest attempt to classify the
elements were as metals and non-
metals.



When elements are classified such

that they have the same

properties

e Study of large number of
elements is reduced to study of
few groups of elements.

* |t makes the study systematic.



Dobereiner, a
German scientist | 9
made the first o
attempt to classify § &
elements on the A
basis of atomic

mass.




“When elements are arranged in
the order of increasing atomic
masses in groups of three
elements, the atomic mass of the
middle element of the triad is
equal to the average atomic mass
of the other two elements.”



Take the triads consisting of
lithium (Li), sodium (Na) and
potassium (K) with atomic masses
6.9, 23.0 and 39.0. Average atomic
mass of Li and K is
6.9+39.0=45.9/2=22.95. The
atomic mass of Na is 23.0



Atomic Mass ( 1850) Atomic Number

Li




a) All the then known elements could not
be arranged in the form of triads.

b) The law failed for very low mass or for
very high mass elements. In case of F, Cl,
Br, the atomic mass of Cl is not an
arithmetic mean of atomic masses of F
and Br.

c) As the techniques improved for
measuring atomic masses accurately, the
law was unable to remain strictly valid. .



Newland, an
English chemist
arranged the
elements in the
increasing order
of atomic mass.




“When elements are arranged in
the order of increasing atomic
mass, the properties of the eighth
element (starting from any given
element) are a repetition of the
properties of the first element”.






In the series of eight musical notes, after a certain interval the note will repeat itself.




a) Newland law of octaves was applicable only
upto calcium as after calcium every eighth
element did not possess properties similar to
that of the first.

b) Newland assumed that only 56 elements
existed in nature. Several new elements were
discovered, whose properties did not fit into the
Law of Octaves.

c) In order to fit elements into his Table,
Newlands adjusted two elements in the same
slot, but also put some unlike elements under
the same note. s



Mendeleev, a
Russian chemist
classified
elements by
keeping them in
groups and
columns.
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Mendeleev selected hydrogen and
oxygen as they are very reactive
and formed compounds with most

elements.



The formulae of the hydrides and
oxides formed by an element were
treated as one of the basic

properties of an element for its
classification.



“The properties of elements are
periodic functions of their atomic
mass’.




1) Mendeleev’s periodic table
consists of 7 periods (horizontal)
and 9 groups (vertical).

2) Elements are arranged in the
increasing order of their atomic
weights.

3) The elements that have similar
property were placed in vertical
columns.



1)

2)

Mendeleev left vacant spaces in
the table for the elements that
were to be discovered.

He was able to predict the atomic
mass and properties of elements
even before their discovery.

His periodic table helped to
discover new elements like
germanium.
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Cobalt (atomic mass 58.9) was placed
before nickel (atomic mass 58.7)
Aluminium (atomic mass 29.98) was place
before silicon (atomic mass 28.09)

V (atomic mass 50.94) was place before
chromium (atomic mass 50.20)

Te (atomic mass 127.60) was placed
before iodine (atomic mass 126.90)

23



Nobel gases like helium, neon and argon were
discovered late because they are very inert
and present in extremely low concentrations

in our atmosphere.
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i) Some gaps were left for the undiscovered
elements like gallium (Ga), Scandium (Sc) and
Germanium (Ge).

(ii) Predict properties of elements on the basis
of their positions in the periodic table.

(iii) Accommodate noble gases when they
were discovered without disturbing the
original arrangement.
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a) Position of hydrogen:

The position of hydrogen in the table is not
certain because it can be placed in group IA as
well as in group VIIA as it resembles both with
alkali metals of IA group and halogens of VIIA

group.

26



b) Anomalous pair of elements:
Certain elements of highest atomic mass
precede those with lower atomic mass.
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c) Dissimilar elements placed together:
elements with dissimilar properties were
placed in same group as sub-group A and sub-
group B. For example, alkali metal like Li, Na, K
etc., of IA group have little resemblance with
coinage metals like Cu, Ag, Au of IB group.
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d) Some similar elements separated:
some similar elements like ‘copper and

mercury’ and ‘si
in different grou

icon and thalium’ are placed

0s of the periodic table.

e) Position of isotopes: isotopes of elements
are placed in the same position in the table.

29



No fixed position can be given to hydrogen in
the Mendeleev’s periodic table.
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The meaning of isotope is
ISo-same, tope-place.

Atoms having different atomic
masses with the same atomic
number. They are given the same
place in the periodic table.



No, the more fundamental base of
classification is atomic number and not atomic
mass. Yes, both the isotopes are placed in
same position because they have same
chemical properties and same atomic number.
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The criteria used by Mendeléev were:

(i) Physical and chemical properties of the
elements.

(ii)) Atomic masses in increasing order.
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Noble gases are also called inert gases
because they have a complete octet and are
very stable. They do not react with other
elements due to their stability. Since they all
are unreactive, have complete octet and
similar behaviour so they are placed in a
separate group.
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Modern Periodic table



“The properties of elements are a periodic
function of their atomic number”.
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1)

2)

Elements are arranged according
to increasing atomic numbers.
Elements having similar
properties are kept in the same
group.

There is a inter relation between
electronic configuration and
atomic number.



4) The elements are arranged in 7
horizontal rows called periods
and 18 vertical columns called
groups.



Difference between Mendeleev & Modern

Elements are arranged in |Elements are arranged in
the order of increasing the order of increasing
atomic masses. atomic numbers.

There are 8 groups There are 18 groups
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Horizontal rows called periods. There
are 7 periods.

periods




Vertical columns are called Groups.
There are 18 Groups.
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Modern Periodic Table is based on the atomic
number. Cobalt (27) is placed before Nickel
(28) in Modern Periodic Table.

The isotopes have same atomic humber so
they are placed in the same group in Modern

Periodic Table

43



No, it is not possible because atomic number
Is a whole number.

The place of hydrogen in the Modern Periodic
Table is correct.
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The elements in group 1 are: Hydrogen (H), Lithium (Li),
Sodium (Na), Potassium (k), Rubidium (Rb), Cesium (Cs) and
Francium (Fr).

(i) H (1) 1(ii)Li(3) 2,1 (iii)) Na(11) 2,8,1

All the elements have same number of valence electron, i.e.
1

One (1)
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i(3) 21 Be(4) 2,2 B(5) 23 C(6) 24
N(7) 2,5 O(8) 2,6 F(9) 2,7 Ne(10) 2,8

\e)

Yes. The elements of same periods have same number of
shells but not same number of valence electrons, which
increases by 1
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Valency of metal: It is same as the number of valence electron
i.e. 1, 2, and 3.

Valency of non-metal: Valency of non-metals can be
calculated by subtracting number of valence electrons from 8
(i.e. 8- number of valence electrons).

For example:

8-4=4 8-5=3 8-6=2 8-7=1 8-8=0

Magnesium (12) 2,8,2 Sulphur(16) 2,8, 6

The valency of Magnesium is same as valence electron, i.e. 2.
The valency of Sulphur is

8-6 = 2 because it is non-metal. 47



Valency first increases 1 to 4 then decreases from 4 to 0 (1, 2,
3,4,3,2,1,0).

Valency remains the same because valence electrons do not
change on going down in a group.
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The distance between the centre of
the nucleus and the outermost
electron shell of an atom is called

atomic size. It refers to the radius of
the atom.
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As the attraction between the (+) nucleus and the (-) valence electrons T, the
atomic size V.

From left to right, size decreases because there is an increase in nuclear
charge and (# protons — # core electrons).

Each valence electron is pulled by the full Effective Nuclear Charge.

Li Be B

1520 18228° 1822822p'

Electrons are added to the same shell




—\e]0a][e
B size
increases
as we go
down a

' j group.




Lithium
526 kJ mol -

Sodium
502 kJ mol 4

Down the

group new
shell is added
to the atom.
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Na (Sodium) has smallest atom. Ca (Calcium) has largest atom.
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Metal

Metal
Metal
Non Metal
Non Metal
Non Metal

Non Metal
Non Metal

Elements having 1, 2, 3 valence electrons are metals while elements
having 4,5,6,7,8 valence electrons are non-metals.

On the left side.

On the right side.



Metallic character decreases across a period.

Metallic character increases down a group.
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Metallic nature decreases along a
period and increases down the group.

INCREASING METALLIC CHARACTER
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Nonmetals

\

Metals

Metalloids




Elements that exhibits some properties of
both metals and non-metals are called semi-

metals or metalloids.
Ex: boron, silicon, germanium, arsenic,
antimony, tellurium and polonium

59



Elements which are not distinctively
metals and possess some physical
properties of non-metals are called
metalloids.

Periodic Table
of the Elements

boron (B),
silicon (Si),
germanium(Ge),
arsenic (As),
antimony (Sh),
tellurium (Te),
polonium (Po)
astatine (At)




The tendency of lose electrons increases in a group on going
down.

The tendency of lose electrons decreases as we go left to right
in a period.
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The tendency of gaining electrons increases as we go left to
right in a period upto 17th group. It decreases in 18th group.

The tendency of gaining the electrons decreases as we go
down a group.
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The trends of periodic table help us to predict
the nature of oxides formed by the elements
because it is known that the oxides of metals
are basic and that of non-metals are acidic.
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l. In Modern Periodic Table, the place of hydrogen
is justified because it is electropositive and so it
is placed in first group with metals.

II. In Modern Periodic Table, the elements are
arranged on the basis of atomic number. So the
place of isotopes is also justified as the atomic
number remain same of all the isotopes.

Ill. The order of heavy and light elements is also
corrected in the Modern Periodic Table

IV. The position of inert gases is also justified.
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Lithium (li), Sodium (Na),Potassium (k)

Magnesium (mg), Calcium (ca), Barium (Ba)

Helium (He), Neon (Ne), Argon (Ar).
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Lithium, sodium and potassium atoms have same number of
electrons in their outermost shell and have same valency.

Helium and neon both have their outermost shell filled.
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Lithium, Beryllium, Boron are the metals in Modern Periodic
Table among the first ten elements.
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Be has the maximum metallic characteristics because all other
elements are situated at the right hand side in periodic table
than Be. Due to the position their metallic characteristics

decreases as we go from left to right.
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Neon (Ne), Neon has two completely filled shells with 2 electrons in K
shell and 8 electrons in L shell.

Magnesium (Mg)

Silicon (Si). Silicon has a total of three shells. K shell has 2 electrons, L
has 8 and M i.e. valence shell has 4 electrons.

Boron (B). It has a two shells, with 3 electrons in its L i.e. valence shell
and 2 electrons in K shell

Carbon (C) has electronic configuration of 2 electrons in K shell and 4
electrons in L shell. Clearly, it has twice as many electrons in its
second shell as in its first shell.
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Both the elements are metals and show the following common
properties:

(i) Both are good conductor of electricity. (ii) Both show malleability

Both the elements are non-metal and show following common
properties:
(i) Both are brittle (ii) Both are bad conductor of electricity.
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The atomic number of element is 17

It belongs chemically to F(9) because the electronic configuration of F
is 2, 7 and having same valence electrons.
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C is non-metal because it belongs to 17th group.

C is less reactive than A because the reactivity of non-metal decreases
from top to bottom.

The size of Cis smaller than B because B and C belong to the same
period and the size decreases in a period on going left to right

A forms anion because C is non-metals for anion (Negative lon)
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Atomic number of Nitrogen is 7 and electronic configuration is 2, 5.
Atomic number of Phosphorus is 15 and electronic configuration is 2,
8, 5.

Phosphorus will be more electronegative because phosphorus and
nitrogen both are non-metals. Phosphorus is situated in the lower
side than Nitrogen. In non-metals, as we go top to bottom the
electronegativity is increased.
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Atomic number of Calcium is 20 and its electronic configuration is 2,
8, 8, 2. To see the resemblance with Calcium, first we have to check
the Electronic Configuration of respective elements.
Element with Atomic Number-12 2,8, 2

Element with Atomic Number-19 2,8,8,1
Element with Atomic Number-21 2,8, 8,3 1
Element with Atomic Number-38 2,8,18,8,2 ,

From above, it is clear, elements with atomic 2

number 12 and 38 has same electronic O«
configuration of valence shell as that of e
Calcium, and therefore, will have physical and “ o

chemical properties resembling calcium

LANTHANIDES

ACTINIDES



Exercise (MCQ)



(a) The elements become less metallic in
nature.

(b) The number of valence electrons increases.
(c) The atoms lose their electrons more easily.
(d) The oxides become more acidic.
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2. Element X forms a chloride with the formula
XCl,, which is a solid with a high melting point.
X would most likely be in the same group of the
Periodic Table as:

(a) Na
(b) Mg
(c) Al
OIS
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END

Prepared by Girish.N, Bengaluru 9844217032
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