STRUCTURE OF ATOM AND
PERIODIC TABLE

WHAT WE HAVE LEARNT

In an atom , electrons revolve in different shells around the
positively charged nucleus.

The maximum number of electrons that each shell can
accommodate is 2n2.

The physical and chemical properties of elements depend on their
atomic number.

Periodicity is found in atomic size, electronegativity, electropositive
nature and valency of elements.

The ability to enter into chemical reactions is different for each
atom.




STRUCTURE OF ATOM AND PERIODIC TABLE

Mre than a hundred and ten elements are known to us. Their physical and
chemical properties have also been defined. The elements are arranged in the
periodic table in such a way that their chemical and physical properties can
be predicted. We can find out the properties of an element if its position in
the periodic table is known and we can also know the position in the periodic
table, if its properties are known. The basis for the arrangement of the various
elements in the periodic table is the similarities and differences in their atomic

structure.

Atoms are minute particles. If ten lakhs of atoms are arranged one after the
other, it would come to a length of one millimeter only. How can we study the
structure of such small particles? Through experiments, scientists have
developed certain ideas about the internal structure of the atom which is not

visible even through the most powerful microscope. It is possible to explain

the properties of atoms and elements on this basis of these ideas.

_‘y;u have learnt that the electrons of an
atom are arranged in different shells around a
nucleus. The basis of this arrangement is the
energy level of the electrons. The attraction
of the nucleus on the electrons decreases as
the distance from the nucleus increases.
Therefore, the energy of the electrons decrease
as their distance from the nucleus increases.
That is, the electrons in the first shell K will
have the least energy. Likewise, the energy of
electrons progressively increases from L to
M and to N. Hence, each shell can be
considered as an energy level. You have learnt
to calculate the maximum number of electrons
that each shell can accommodate using the

formula 2n?. Calculate the maximum number
of electrons in the shells K,L,M and N and
record it in your science diary.

Elements from hydrogen which has only
one electron to darmstadtium (Ds) that has
110 electrons are familiar to us. These electrons
are randomly distributed around the nucleus.
They are arranged in the atom in accordance
with certain general laws.

Electron configuration in shell and
subshell

Examine the Bohr models of potassium,
calcium and scandium given below and
complete the table.



Potassium Calcium Scandium
Figure3.1
Element Shells Imagine a glass marble placed within a ball.
” L M N This ball is placed within another ball which is in
turn contained within a bigger ball. Eachball is
oK then equivalent to an area where electron can be
Ca found. These can be called as shells. 1t is
2 important to realise that shells are not physical
L 2S¢ y entities. They are merely the shape of areas

Table 3.1

e To which shell does the last electron
enter in potassium and calcium
atoms? Why? Now examine the case
of scandium.

o Electronsare not distributed randomly
within the atom. They are most likely
to be seen in certain areas of the atom.
The potential energy of the electrons
decides where electrons can be seen
in an atom.

Higher the potential energy of an electron,
greater will be its distance from the nucleus.
There are some areas where the possibility of
finding an electron is greatest. These areas
are found around the nucleus, one around the
other.

where the probability of finding electrons is the
highest. The electron with the lowest potential
energy will be found in the shell closest to the
nucleus. As potential energy increases, electrons
will be distributed in shells further away from the
nucleus.

When there are more than one electron in
a shell, they are arranged according to their
potential energy. Electron with the least
potential energy will be placed at the lowest
level in the shell (ie., nearest to the nucleus).
Electrons with higher potential energy will go
to higher levels.

In other words, it is similar to the
arrangement of electrons around the nucleus.
Electrons are found in areas arranged one
around the other, energy levels within the shells
also follow the same arrangement.

These energy levels within a shell can be
called subshells. They are named as s, p, d, f.



Like shells, subshells can accommodate Subshells in the same shell differ in their

only a limited number of electrons. The energy. For example, subshells in the fourth
maximum number of electrons that can be shell can be shown as below in the order of
accommodated in ‘s’ subshell is 2. Shells and increasing energy.

subshells in each shell are given in Table 3.1 4s < 4p < 4d < 4f

below. Find out the number of electrons in
subshells and fill in the table.

Shell number 1 2 3 4
Name of the shell K L M N
Maximum number of electrons 2 8 18 32
Subshell S S| p s/ p|d s/ p|d|f
Number of electrons in sub shell 2 2 | — | = =] =] === =
Table 3.2
e Which subshell iscommon to all shells? You have seen from the table 3.2 that there
are subshells of the same name in different

e Which are the subshells in the second
shell? shells. The subshells are written prefixing the

shell number of the shell to which it belongs so
as to identify the sub shells. The s’ subshells
in different shells are written in their order of
e Out of 8 electrons in L shells, if two increasing energy, as under.
electrons are in the 's' subshell, how many
electrons will there be in p-subshell?

e Isthere arelation between shell number
and number of subshells?

1s < 28 < 35 < 4s

_ Which subshellsare seen in the 5th shell?
» Which shell does not have a’p’ subshell? Write them in their order of increasing energy.
e How many electrons can d and f subshells

accommodate?

The first letters of the words ‘sharp, principal, diffuse and fundamental’ are
used to name the subshells as s, p, d and f respectively. These words are
associated with atomic structure. Among the elements discovered so far, 118th
element has the highest atomic number. s,p,d,f subshells are sufficient to write
the electron configurations upto the 118th element. If in future a new element
will have a fifth sub shell, it will be called as ‘g - subshell’.




Subshell electron configuration

When more electrons come to a particular
shell in an atom, they are arranged in different
sub energy levels. Thatis, electron filling takes
place in subshells. Let us see how this electron
filling takes place in subshells.

Take the case of hydrogen atom. There is
only one electron. It goes to the 's' subshell in
the first shell. The subshell electron
configuration of hydrogen atom can be
illustrated as under.

( )

. Number of
Main energ
level

electron
Sub shell

(You may read this as “one ess one™)

Now, see the electron configuration of
helium. 1s?

Some of the subsequent elements are
given in table 3.3 below. Fill up suitably.

Examine the sub shell electron configuration
of potassium.

152 2522p® 3s23p® 4st

Besides the s, p subshells in the third
energy level (M shell), there is the 'd’ subshell
too in it. Instead of entering into the 3d subshell,
why do electrons go to the next subshell (4s)?

Analyse figure 3.2 showing the energy of
subshells.

o Between 3d and 4s subshells, which has
less energy?

e Inpotassium, to which subshell is the last
electron added to?

Electron filling takes place in the ascending
order of the energy of subshells. This is known
as aufbau principle.

Why the 19 th electron of potassium enters
into the 4s subshell must now be clear to you.

When the 4s subshell is filled, which
subshell does the next electron enter?

Element Electron configuration Electron configuration
in shell in sub shell

GLi 2,1 1s?, 2st

+C 2, 4 1s?, 2s* 2p?

oNe

,Na

LAl 2, 8,3 1s2, 252 2p*®, 3s?, 3p?t

,Cl

AT

LK 2,8,8,1

,,Ca

Table 3.3
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Let us write the electron configuration of scandium.

1s? 2s%2p® 3s%3p® 4s523d?

Figure 3.3 will help you find the increasing order of energy of different subshells. Ineach

column, subshells that have an increase in energy from top to bottom are shown.
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Figure 3.3



When we write the subshell electron
configuration of an atom, it is enough that we
put the symbol of the preceding noble gas in
bracket first and then write the subshell
configuration of the remaining electrons.

Chromium and Copper

Examine the subshell electron configuration of
,,Cr and  Cu

3d° 4st

3d10 4s?

Cr - [Ar]
Cu - [Ar]

In their 3d subshell they have 5 and 10
electrons respectively. This should have been
[Ar] 3d*4s? and [Ar]3d%4s?, as per
principle. But, d° is “half filled” and d*° is
“completely filled”. Half filled and completely
filled subshell electron configurations are more
stable than partially filled configurations. In
chromium and copper, instead of filling the 4s
subshell with 2 electrons, one electron goes
to the 3d subshell in order to attain the ‘more
stable’ electron configuration.

For example, electron configuration of
calcium is1s? 2s? 2p® 3s%3p°® 4s2. You can
represent this as [Ar] 4s%. Like this, try writing
the subshell electron configuration of elements
given.

( Element Electron configuration h
in subshell
T [Ar] 3d? 4s?
2sMN
,7C0
30Zn
5,02
o J
Table 3.4

Blocks in Periodic Table

In the modern periodic table elements are
classified into 18 groups based on electron
configuration. These electrons are seen in
different subshells.

s, p block elements

Write the subshell electron configuration
of elements of the first and second group.

Group -1 Group - 2 )
Li — [He] 2s' | Be - [He]2s?
Na - [Ne] 3s1 | Mg - [Ne] 3s?
K - [Ar] 4st Ca - [Ar] 4s?
Rb.............o. Sr,
CSeviiiiiiin, Ba.....o.o.oooen.
Froo............. Ra.................
\. J
Table 3.5

To which subshell does the last electron
enter? The reason for calling these elements
as ‘s’ block elements is clear now. Write the
electron configuration of elements of group
13-18 . Find why they are called ‘p’ block
elements and record it in your ‘science diary”.

Write the electron configuration of
elements in table 3.6 and find

o therelationship between the number of
principal shells and the period number.

o therelationship between the number of
outer most shell and the period number.

o therelationship between the total number of
electrons in the outermost shell and group
number.
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(Element K L

1s 23 2p | 3s

3p

3d | 4s | 4p | 4d | 4f

11Na

12M9

13Al

145!

15

16

e

18Ar

Table 3.6

o the metallic and non-metallic properties of
s, p block elements.

Find whether the tendencies are like this
in the case of other elements in s, p blocks.

On the basis of the following points,
discuss why s, p block elements are called
representative elements.

e tendency for periodicity

e metals, non metals, metalloids, solids,
liquids and gases

Record your inferences in the science
diary.

d block elements

Find from the periodic table which are the
groups of elements that come between s-block
and p-block. The electron configuration of

certain elements in the fourth period is given

below.
Sc 21 [Ar] 3d! 4s?
Ti 22 [Ar] 3d? 4s?
V 23 [Ar] 3d® 4s?
Mn 25 [Ar] 3d® 4s?
Co 27 [Ar] 3d 4s?
Ni 28 [Ar] 3d® 4s?
Zn 30 [Ar] 3d10 4s?

Which is the outermost shell in these?

In which shell and subshell does the
electron filling take place?

How many electrons are there in the
outermost shell?

What is special about the number of
electrons in the outermost shell?



The electron in the outermost shell decides
the chemical properties of elements. Has it
become clear why the “‘d” block elements show
horizontal similarities in their properties? The
‘d” block elements are called ‘transition

elements”.

One of the well known transition element
is iron. Write its electron configuration.

Write the oxidation states of iron in FeCl )
and FeCI3.

In the compound FeCl,, electron from
which subshell does iron lose?

When the compound FeCl, is formed,
one of the electrons in 3d subshell is also lost
along with the two electrons in the 4s subshell.
Thus, iron loses three electrons. This happens
so because the energy difference between 4s
and 3d subshells is very little. So, iron exhibits
two oxidation states. All transitional elements,
except Zn, show different oxidation states.

For example, the chemical formulae of
some manganese compounds are given.
Calculate the oxidation state of manganese in
each.

MnCIZ, MnO._,

,» MnO, MnO,

The atomic number of manganese is 25.
Write the electron configuration. Can you tell
the reason for the different oxidation states of

manganese?

Analyse the table given below:

Compound Colour
Copper sulphate Blue
Sodium chloride Colourless
Potassium dichromate Orange
Potassium nitrate Colourless

Potassium permanganate| violet

Calcium chloride Colourless
Cobalt chloride Blue
Copper chloride Green
Ferrous sulphate Green
Calcium hydroxide Colourless
Thorium oxide Colourless
Cerium sulphate Colourless

Table 3.7

Which metals form coloured compounds?
To which block do they belong?

List the salient features of d-block
elements.

Prepare and present a short writeup
explaining how the 'd' block elements differ
from's'and 'p' block elements.

f- block elements

You already know about lanthanones and
actinones in the periodic table. Which are the
elements having atomic number 61 and 94?
Write their electron configuration. Inthem, the
last electron goes to the f-subshell of the ante
penultimate shell. Now you know for sure
which are the 'f' block elements.



With the help of modern periodic table,
find the following and record it in your Science
diary.

e Number of groups
e Number of periods

e Number of elements in each of s, p, d and
f - blocks.

o If the electron configuration of an element
is [Rn] 7s? 5°, to which block does it
belong? What is the group number and
period number of this element?

lonisation energy

You have learnt about the change that
happens to the size of an atom along the periods
and groups in the periodic table. As the size of
the atom increases, the distance from the nucleus
to the outermost shell also increases. The
positively charged nucleus of the atom attracts
the electrons. So, if electrons are to be removed
from the outermost shell of an atom, they are to
be brought out of the field of attraction of the
nucleus. For this, certain amount of energy is to
be provided. This is called the ionisation energy.

Analyse the graph given below and find
out how ionisation energy and size of atom are
related to one another.

Li

Na

Rb

Cs

lonisation energy —p
A

Atomic number —p
Figure 3.4

=~
N

e Down the group, does the ionisation

energy increase or decrease?

e  Which element has the highest ionisation

energy? Which period does it come in?

e Which is the element having the least
ionisation energy? Which period?

e How isionisation energy associated with

metallic character?

Consider the following facts and discuss
the reason for the decrease in ionisation energy
down the group.

e number of shells
e size of atom

e the force of attraction that the nucleus
has on the electrons in the outermost
shell.

Now let us see how the ionisation energy
varies along a period. The ionisation energies of
elements of the 3rd period are given in the table.

Element lonisation
energy kJ/mol
1 Na 502
12Mg 744
1Al 584
14Si 792
1P 1020
16S 1010
el 1260
1gAT 1530

Draw a graph of the above and find the

following:



e What will be the order of change in
ionisation energy? Asthe atomic number
increases, will the ionisation energy

increase or decrease?

o  Which element has the highest ionisation
energy? In which group does it come? Is

it a metal or non metal?

e  Which element has the least ionisation
energy? What is its group? Is it a metal

or a non-metal?

On the basis of the following, analyse the
reason for the increase in ionisation energy of
elements as the atomic number increases along a
period.

e change in the nuclear charge.

o electron filling takes place in the same
shell.

e change in the size of the atom.

e the force of attraction that the nucleus
has on the valence electrons.

Structure of atom and chemical
properties

It is now clear to you that the basis for the
arrangement of elements in the periodic table is
the relationship between the atomic structure and

chemical properties of elements. Itison the basis
of atomic structure that the elements have been
divided into groups.

Explain the link between the electron
configuration in the outer shell and the difference
in chemical properties of elements of groups
1, 2, 13, 14, 15, 16, 17 and 18.

e.g., Group 1 - Alkali metals
Li  1s® 2
Na 1s? 2s? 2p® 3s!
K 1s? 252 2p® 3s3 3p® 4s!
o Due to the low ionisation energy of these

elements, the electron in the outermost
shell can be removed easily.

On the basis of the electron configuration of
alkali metals, explain the following properties.

o form ions with 1+ charge

e formionic compounds.

o display high reactivity

o metallic property is very high

Prepare a note for your science diary on
the characteristics of other groups, relating them
to their position in the periodic table and electron
configuration.



SUMMARY

’Subshells” are the sub-energy levels in a principal energy level. They
are named s, p, d and f

Number of electrons that can be accommodated in each sub shell is s-
2, p-6,d-10, f-14

Electron filling takes place in the order of increasing energy of sub-
shells

Elements are grouped into s, p, d and f blocks based on which subshell
the last electron in one atom goes to.

The s, p block elements which obey the periodicity completely, represent
all the elements in the periodic table. They are hence called
representative elements.

The energy required to remove the electron in the outermost shell of an
atom is its ionisation energy.

lonisation energy decreases down the group. Along the period it increases
from left to right.

MORE ACTIVITIES FOR YOU

1. A section of the periodic table is given

below. the different blocks and paste it in your
Science diary.
B C N O F Ne . 4 -
4. [Ne]3s™ [Ne]3s 3 Ar]4sc 3d
s| Pls|ala [NeJ3s™ [Ne]3s™ 3p™ [Ar]
with respect to the above elements, find the
a.  Whichelement has the lowest ionisation following:
energy’? e name of element
b.  Whichelement has the highest ionisation e atomic number
energy? e subshellwise electron
2. Examine the periodic table. Find the conflguratlon infull form
elements with highest ionisation energy, e period
element with the lowest ionisation energy e group
and their positions. Explain your findings. e block

e metal or non-metal

3. Draw amodel of the periodic table, colour



10.

Find the incorrect arrangement. 11. The outershell electron arrangement of some
3st, 2d5, 3p®, 3f°, 2p7, 3d?°, 4s° elements are given.
2 1
An atom has 24 electron. Find ns=np
2,~n4
e atomic number ns-np
e name of element nsnp®
e number of subshells Select the arrangement related with the
e number of 's' electrons following:
e period, group and block e celement with highest electro
The atomic number of nickel and copper is negativity
28 and 29 respectively. Write the subshell o element with lowest ionisation
electron configuration of the following: energy
1. cu?t e element of oxygen family
s cut - 12. The atomic numbers of elements A, B and
. CareZ-1,Zand Z+1respectively. Bisan
3. Ni inertgas (not helium). Answer the following:
Find the incorrect electron arrangement e Predict the group of Aand C
2 2 1
1% 2s% 3s e Which element has highest
152 252 2p? ionisation energy? Why?
1s2 2s? 2p* 3s? e Which element has lowest
152 22 ionisation energy? Why?
Whichamong the following are the elements 12. T_he ionisation energy of cer_taln element_s are
in period with highest ionisation energy? given below. One O_f th_em Is that of an inert
gas. Roman letters indicate the elements.
1. halogens
I - 2372 kJ/mole
2. noble elements
3. alkali metals It - 520 kdimole
4. transitional elements - 900 kJ/mole
The common outershell electron configuraion IV - 1680 kd/mole
of some family of elements are given under. a. Which is the most reactive metal?
Find the famil L .
y b.  Which is the most reactive non-metal?
1. ns? np® L
P c.  Whichisthe inert gas?
2. nst .
d.  Which metal forms the compound AX,
3. ns® np° (X isahalogen)
4. ns? npt
(XX XX X J



