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PERIODIC TABLE &
PERIODICITY OF PROPERTIES

S -

i W L Y R D U a0 ST T, T &

R ———— B

Before reading this chapter, the Teaching periods =12
student must know the, Assessmentperiods =03
> Symbols qf Elements : Weightage ~11%
» Characteristics of sub atomic S

particles X

After reading this chapter, the Student will Q\é@& ole to:

»

»
s

\4

YV V¥V

>

§5°

Distinguish between a period @ﬁ' a group in the periodic table.

(Understandmg) O
‘State the Periodic law. (Rem\leering)

Classify the Elements. (Analyzing)

Determine the dem@\@atlon of the Periodic table into s-block and p-block.

(Remembermg) \J

Explain the sha\pe of the Periodic table. (Analyzing)

Deterrm\n:é“the location of the families in the Periodic table.

(Undg;/%tandmg)

gnize the similarity in the chemical and physical properties of the

iements inthe same family of elements. (Understanding)

Identify the relationship between electronic configuration and the

position of'an element on the periodic table. (Analyzing)

Explain how shielding effect influences periodic trends. (Applying)
Describe how electronegativities change within a group and within

period in the periodic table. (Analyzing)
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3.0 Introduction to classification of Elements
As already discussed that Chemistry deals with the study of matter or

the elements, so far 118 elements have been discovered, if they are studied
separately it would be a difficult job for any one so there is a need of
classifying such a huge number of elements. As the number of discovered
elements increased, the need to classify them also increased, because it
became more difficult to remember the characteristics of the elements
individually.

The early classifications were full of
errors, but with the passage of time, the more
precised classifications were presented by |
various scientists. Dobriener a German scientist |
in 1820 classified the elements into triads (a ||
classification where each group has 3 members).
Afterward an English Scientist Newland in 1865
presented the concept of classifying the elements gy
based on law of octaves. A very important
classification was presented by -a Russian | [eee#s
Chemist Mendeleev in 1869 which was based i
upon the atomic masses of the elements.

And after the discovery of protons, the
classification based upon the number of protons
built up, which finally resulted in a
comprehensive periodic table called the Modern
periodic table. |

This -classification made very easy the understanding and
femembering the properties of elements, and also various predictions
regalgd;ng the physical and chemical properties of these elements are now

Possible with very accurate results.

3.1 The Periodic Table

With the discovery of protons a new era of classification of elements
Started, ang scientists observed that if elements are arranged in increasing

Dmitri Ivanovich
Mendeleev (Russian)
(1834-1907)

e
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order of number of their protons (or simply their atomic numbers) all

the discrepancies in classification can be removed. | .
Hence the modern periodic law originated stating that the properties of

elements are periodic functions of their atomic numbers. '
Thus all the known elements are put in the table in the increasing order

of atomic number in the manner that elements with similar properties come in

the same column.
In the modern periodic table the columns are called groups, and the

rows are called periods. There are 18 groups and 7 periods in this periodic
table (previous classification had 8 groups). Thus in the new era the periodic
table has the set up shown in figure 3.1.

3.1.1 Periodsin Periodic Table

A period is a horizontal row in the periodic table of the elements.

In the periodic table, there are 7 periods.
In the periodic table the number of period shows actually the numbers

of shell in that particular row of elements, it means the elements in the
period-1 have just one shell, and the elements in 2nd period have two shells,
and so on. The first period which contains only two elements (H and He) is
the smallest one, 2nd and 3rd periods have 8 elements each and 4th and 5th
periods have 18 elements, the 6th periods contains 32 elements and is the
longest one, 7th period is incomplete one and new elements discovered are
being added in this period. From the 6th and 7th periods two rows are
withdrawn and are written below the others, because their properties are
remarkably similar with each other. These series are termed as "Lanthanides"

and "Actinides" series.

3.1.2 Groupsin Periodic Table
As mentioned earlier there are eighteen (18) groups in the modern
periodic table (in previous classification there were 8 main groups), a group is

also known as family.
The groups are named by the numbers beginning from 1 to 18. These

groups are shown with all member in the figure 3.1. Some of the group are
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Figure 3.1 The Modemn Periodic table
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also known by their specific names €.g., group ‘1’ is called alkal;
metals, group ‘2’ is alkaline earth metals, group ‘16’ 1s called chalcogens,

group 17 is called halogens and group ° 1 8”is called noble gases.

Some groups are also represented by the head element of their goup
e.g., group ‘137 as boron family, group ‘14’ as carbon family, group ‘15
nitrogen family and group 16’ as oxygen family.

[n a group the members show many same properties like same }ast
electronic configuration, same valencies and same type of chemical

characters.

Group Family Name
1 Alkali Metals :
2 Alkaline Earth M,etais
13 Boron Family. *
14 Carbon Family
15 Nitrogen Family or chalcogens
16 Oxygen Family
17 : (}J\%ﬁ;gens
18 _ Noble Gases

Table: 3.1: Seme groups with their family name

Inteesing Information

In the older fashion the names of Point out the similarities in the
the groups are wr itten in Roman members of GToup-]_’] (The

letters, and-in new fashion the .
e : hal
groups are written English alogens) of the periodic table.

numbers.

3.1.3' Blocks in Periodic Table
The name of blocks depends upon the outermost electronic
arrangement of the element and is very important in determining the chemical

properties of the element.
The periodic table has been divided four blocks, i.e. s-block, p-block:

d-block and f-block, which are shown separately in the following figure 3.2.

o
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3.2 Periodicity of Properties

A great advantage of the periodic table is-the periodicity, i.e. the
elements show a gradual increase or decrease in physical and chemical
properties, e.g. in atomic radius, ionization energy, electron affinity, and

electronegativity, oxides etc.
We will discuss now some of the important of these properties

individually in a little detail:
3.2.1 Atomic Size

Atomic size or more properly atomic radius is half of the distance
between the nuclei of a diatomic molecule, as

shown in figure 3.3.
Although in order to determine the size of an

atom the distance between the last electron and
nucleus should be in focus but due to fast

\tomic Size

movement of electrons the exact position of '
electron is difficult to identify and so for clear

reference the distance between to nuclei of a homo ot
nuclear is taken as standard and half of this distance Figure: 3.3:
gives the exact of atomic size e. g. for size of ‘H’ The Atomic size
atom ‘H,’is taken.

(59)

¥
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The Atomic radius is influenced by 3 main factors:
» Energylevel ——  Higher the energy level greater will be the
size.

» Nuclearcharge ——  moreis the nuclear charge in a periods lesser
will be the size.

» Shielding effect ——  greater is the shielding effect of electrons i.e,
the repulsion between the electrons, higher
will be the size.

The Atomic radius increases down a group due to  ¢,0uncl 1 !lements
increase in energy level, and decrease along a period from
left to right in the periodic table as shown below.

3" Period Elements

Figure 3.4

Atomic size decreases along a period, which is due to increase in the
nuclear charge, while in a period all atoms have same energy level

3.2.2 Ionization Pafential / Energy

Itis the energy to remove the least bonded last electron from an atom
The energy required to remove the last electron ig called 1* ionizatior;
potential (I.P), for 2" last electron itis called 2™ ionization potential (I.P) and

soon. The ionization energy depends upon;

5 . :
The{slze of atom = Greater the size less will be the ionization

potential.

= higher is the nuclear greater; more will be
the ionization potential,

= the electrong in the outermost energy

level experience more inter electron

» Thenuclear charge

» The Shielding effect
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repulsion (shielding), so grcatcfShieTn;—l

less will be the ionization potential.

» Thefilledandhalffilled => filled and halffilled orbitalshave higher

orbitals ionization energy, so achieving them is

easier.

In the periodic table, the ionization potential decreases down the group
because the electron is farther from nucleus and also there is more shielding.
Along a period the ionization energy increases because, although all the
atoms in a period have same energy level and same shielding but the nuclear
charge increases so [.p

lonization Energy Incséise:

increases. (Exceptions for
filled and half filled sub shells 8
occur). Full energy levels -

require lot of energy to remove

their electrons, so noble gases - The:Periodic Table
have very high ionization 5

potentials. The arrows show ——
(Figure 3.5) the total trend Figurgl3,5: Trends in ionization ene rgy of atoms
changes among elements in the n periodic table.

periodic table.

3.2.3 Electron Affinity (Eea)
The electron affinity is the energy change when an electron is added
o a gaseous atom. Generally, the element liberates energy when electron is

added to them: X+e" ——— X +Energy

The value of energy released greatly depends upon the size and

huclear charge of that element.

Thus the atoms whose anions are relatively more stable than neutral
atoms have a smaller E... e.g. Chlorine most strongly attracts extra electrons,
and its anjop ig more stable as compared to mercury, which most weakly

attracts an extra electron.
E, ofnoble gases are close to 0.
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E... generally increases v
; . Electron Affinity Increases
across a period (row) since the
radius slightly decreases, = w
because of the increased & 2
attraction from the nucleu.s, The Periodic Table
and the number of electrons 1n
the top shell increases (helping
Figure 3.6: Trend of electron affinity

the atom reach maximum : b
in periodic table

stability) in the periodic table
and generally decrease going down a group (family) (because-of a large

increase in radius and number of electrons that decrease the stability of the

atom, repulsing each other).

3.2.4 Shielding Effect

The shielding effect is the effect of electrons between the nucleus and

Electron Affinity
Decrease

outer most valence shell electrons of an atom.
This shielding effect causes the inner electrons to block the outer

electrons from the nuclear charge of the nucleus so it becomes easier for the
valence electrons to be removed. The shielding effect increases down the
group in the periodic table, but across a period it remains unchanged. This i

further elaborated in the following figure 3.7 and figure 3.8.

Figure 3.7: Shielding across period 2 = #*=Core Electron ¢ = Valence Shell Electron

It can be seen that in the above figure all atoms have same number of
core electron (2), so their effect will also be same.

Scanned with CamScanner



Li
2 Corees Na
10 Core es K
18 Core €s
Figure 3.8: Shielding in group 1 e=Core Electron e = Valence.Shell Electron

It can be seen here in figure 3.8 that number of core electrons are

increasing down the group, so their effect will also be increased.
Due to increase in shielding effect it becomes more easier to withdraw

the valence shell electrons.
3.2.5 Electronegativity
The term electronegativity is defined as the ability of an atom to attract
shared electron pair of bond in a‘compound. The electronegativity of an
element is the net effect of electron affinity and first ionization potential.
Electronegativity is the property of non metals because non metals
have lower size and more nuclear charge, so they attract the shared electfon
pair, this ability of attracting electron pair decreases as the size increases

down the groups.
In the periodic table, electronegativity values decreases down the

Soupand increases along the period.
Thus 'F' has the greatest electro negativity value of 4.0 and 'Cs' has

lower value of"0.7",
The electronegative values are very often used in prediction of

“Activity and the bond type. The elements with high electronegativity value

B
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called the electrom affinity. . .
&  The electron affinity increases along a period from left to right and

decreases down a group. |
&  The inner electron produce a shield around nucleus, and make it easy

for the valence shell electron to be removed, this effect is called the

Shielding effect.
&  The shielding effect increases down a group and decreases along a
period. : ,
& The tendency of an atom to attract shared electron pair is termed as the
Electromegaftivity of that atom.
#  The electronegativity increases along a period and decreases down a
group.
EXERCISE
Q1. Fillin the blanks with suitable words.
1) Triads were proposedby ........c.% ; |
ii) Mendeleevin............ classified the all known Elements into
groups, and isregardedas............. of modern periodic table.
iii) Modem Periodic table has ............ groups and ............
periods.
iv) Aperiodisa .>........ of elements in the periodic table.
v)  Halogen constitutesthe............. group of periodic table.
vi)  The concept of electronegativity was giveniby T R :
vii) Smalleratomshave ............ ionization energy.
viii) d-block elements are alsoknownas ............ ;
lgc)“ Thesizeofatoms ............ in the periods from left to right.
(}5 Noble gases constitute the group ............ of periodic table.

Q\Z,© Choose the correct answer.

i) Inagroupthe elements have almost same
(a) Physical characters
(b) Chemical characters

(c) Both physical and chemical characters

B e g
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(d) Neither physical nor chemical
ii)  Group I members are generally known as:

(a) Alkali metals (b) Alkaline earth metals
(¢) transition metals (d) noble gases
iii)  Atordinary temperature and pressure, Hydrogen exists as:
(a)liquid  (b) gas (c)solid (d) plasma
iv)  Periodicity is seen in the periodic table in:
(a) groups (b) periods

(¢) both in groups and periods
(d) Neither in group nor in period
v)  Theatomic size increases in: ’
(a)group  (b)period (c)inbothofabove (d)noneofabove

Q3. Answer the following questions in short,
1) How Dobriener classified elements? Why his classification did

not received popularity?
ii)  What is the resemblance between Newland's classification

elements and Music?

Why in the history of periodic table the name of Mandeleev is so
important?

iv)  Describe the importance of groups in periodic table.

v)  How many periods are there in Modern periodic table?

vi)  What are Alkali metals?

vii)  Discuss importance of Noble gases.
What do you understand by the term “blocks of periodic table”?

What types of blocks are there in modern periodic table?
ix). What is ionization energy? How it varies across modern periodic

, table?
“°X)  Define periodicity of elements in modern periodic table.

Q4. Answerthe following questions with reasoning.
1) What is the relation between electronic configuration and the

positioning of element in period table?

B
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ii)  How atomic size is related with the nuclear charge?
iii) How electron affinity varies in periodic table?

iv)  How electronegativity is important for chemists?
v)  Discussinertness ofnoble gases. '

Q5. Whyitisnecessary to classify the elements? Explain with reasoning.
Q6. Discuss the importance of groups and periods in the modern periodic
table?
Q7. What do you understand by periodicity of properties? Explaimwith
examples.
Q8. Writeabriefnote on evolution of periodic table?
Q9. Whatis modern periodic law? Explain with examples.
Q10. Whatdo you know about the blocks of the modern périodic table?
O
X
b f
oy
D
&°
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