
Periodic Table
“The Periodic Table is arguably the most important concept 

in chemistry, both in principle and in practice. It is a 

remarkable demonstration of the fact that the chemical 

elements are not a random cluster of entities but instead 

display trends and lie together in families”.



As long as chemistry is studied there will be a

periodic table. And even if someday we

communicate with another part of the universe,

we can be sure that one thing that both cultures

will have in common is an ordered system of the

elements that will be instantly recognizable by

both intelligent life forms.

J. Emsley, The Elements









ORIGINS OF ELEMENT NAMES 









 …was a mess!!!

 No organization of elements.

 Imagine going to a grocery store with no organization!!

 Difficult to find information.

 Chemistry didn’t make sense.



Lavoisier (1789) classified elements into metals, non



In 1829, he classified some elements into groups of 

three, which he called triads.

The elements in a triad had similar chemical 

properties and orderly physical properties.

Model of triads



1838 - 1898

Law of Octaves

In 1863, he suggested that elements be arranged in

“octaves” because he noticed (after arranging the

elements in order of increasing atomic mass) that

certain properties repeated every 8th element.



Element

Atomic mass

Element

Atomic mass

Element

Atomic mass

I       II       III     IV      V      VI    VII

Li      Be      B      C       N      O      F

7       9       11     12    14     16    19

Na      Mg     Al      Si     p      S      Cl

23       24     27     28    31    32    35.5

K        Ca     

39       40

Newland was first to publish the list of elements in 

increasing order of atomic masses. 



In 1869 he published a table of the
elements organized by increasing atomic
mass.

Only 63 elements were known.
Groups

•8 vertical rows. 
•7 groups were subdivided in A and B.
•8th group has 9 elements in the group of 3 each.

Periods 

•7 horizontal rows.

Mendeleev’s periodic table was published in 1905 when no one had an idea of the structure of an atom.   





HOW HIS WORKED…

 Put elements in rows 

by increasing atomic 

weight.

 Put elements in 

columns by the way 

they reacted.

SOME PROBLEMS…

 He left blank spaces 
for what he said 
were undiscovered 
elements.  (Turned 
out he was right!)

 He broke the pattern 
of increasing atomic 
weight to keep 
similar reacting 
elements together.



Mendeleev’s Predictions for the Elements Eka-

aluminium (Gallium) and Eka-silicon (Germanium)



Prediction of new 

elements

(Ge, Ga, Sc)
1

Systematic study 

of elements
2

Correction of 

atomic mass

(Be, Au, Pt)
3



Position of 

hydrogen.

Anomalous pairs.

(Ar and K, Co and

Ni, Te and I)

Position of 

isotopes

e.g. 1H
1, 

1H
2, 

1H
3



Chemically 

dissimilar

elements are 

grouped  together. 

(Cu-IA and Na-IB) Chemically similar

elements are 

placed in different  

groups. 

[Cu (I) and Hg (II)].



At the same time, he published his own 
table of the elements organized by 

increasing atomic mass.

Lother-Meyer’s atomic  volume curve [Lother Meyer (1869)]



Both Mendeleev and Meyer arranged
the elements in order of increasing
atomic mass.

Both left vacant spaces where unknown
elements should fit.

So why is Mendeleev called the “father 
of the modern periodic table” and not 
Meyer, or both?



➢ stated that if the atomic weight of an element caused

it to be placed in the wrong group, then the weight

must be wrong. (He corrected the atomic masses of

Be, In, and U)

➢ was so confident in his table that he used it to predict

the physical properties of three elements that were

yet unknown.

Mendeleev...

➢ After the discovery of these unknown elements

between 1874 and 1885, and the fact that

Mendeleev’s predictions for Sc, Ga, and Ge were

amazingly close to the actual values, his table was

generally accepted.



In 1913, through his work with X-rays, he
determined the actual nuclear charge (atomic
number) of the elements. He rearranged the
elements in order of increasing atomic number.



After co-discovering 10 new elements, in 1944 he

moved 14 elements out of the main body of the periodic

table to their current location below the Lanthanide

series. These became known as the Actinide series.

1912 - 1999

He is the only person to have an element named after 
him while still alive.

"This is the greatest honor ever bestowed

upon me - even better, I think, than

winning the Nobel Prize."



Metals Metalloids
Nonmetals





• Electronic configuration: 

• Groups:

• Low ionisation energy and low melting and 

boiling points, electropositive elements.

• Colourless compounds.

IA and IIA

ns1 or ns2



 1 valence electron  (ns1)

 Form a 1+ ion.

 Note: Hydrogen, a nonmetal, is located 

in the first column because it has one 

valence electron. 



Lithium

Sodium

Potassium

Rubidium

Cesium

Francium



Beryllium

Magnesium

Calcium

Strontium

Barium

Radium



• Electronic configuration: 

• Groups:

• Non-metals, electronegative.

• Form covalent compounds.

ns2,np1-6

III A  to VII A and zero group. 



• Electronic configuration: 

• Groups:

• Variable valency high melting and boiling point.

• Coloured  compounds and catalytic property.

(n-1)d1-10 ns1or2

I B  to VII B and VIII groups. 



• Electronic configuration: 

• Have high melting and boiling point. 

(n-2)f1-14(n-1)d0-1ns2

• Present below the periodic

table in two rows

• Lanthanides-elements after

lanthanum

• Actinides-elements after 

actinium.



• Contains elements arranged in increasing order of atomic no.s.

• Explains the position of an element in relation to other elements. 

• Consists of groups and periods.

Groups Vertical column

Total 18. Numbered 1-18 or IA to VII A, IB to VII B, VIII and zero.

Periods Horizontal column

Total 7 numbered from 1 to 7.

Elements in a group have similar but not identical electronic 

configuration and properties

Contains 2,8,8,18,18,32 and 28 elements  respectively.



Groups Vertical column

Total 18. Numbered 1-18 or

IA to VII A, IB to VII B, VIII and zero.

Periods Horizontal column

Total 7 numbered from 1 to 7.

Elements in a group have similar but not

identical electronic configuration and properties

Contains 2,8,8,18,18,32 and 28 elements 

respectively.



The problem of the 

position of hydrogen 

in the table

has not been

solved completely

Configuration of 

Helium(1s2 )  is 

different from inert

gases (ns2,np6) 

but are placed in the 

same group.

It is unable to include 

lanthanides and 

actinides in its

main body. 



Digits Name Abbreviation

0               nil              n

1               un              u

2               bi               b

3              tri               t

4              quad           q

5              pent            p

6              hex             h

7              sept            s

8              oct              o

9              enn             e

e.g. atomic number 115 will be named as un+un+pent+ium
=ununpentium 

and symbol is Uup 

Name=digits name+ium



Repetition of similar valence shell configuration after 
regular interval. 

1s2,2s2,2p6,3s2,3p6,4s2,

3d10,4p6,5s1

37Rb

1s2,2s2,2p6,3s2,3p6,4s119K

1s2,2s2,2p6,3s111Na

1s2,2s13Li

Electronic configurationAtomic no.Element 



 In any atom the nucleus exerts an attractive

force on the electrons.

 Across a period the number of protons in the

nucleus steadily increases. The effective charge

increases with the nuclear charge as there is no

change in the number of inner electrons.

 The effective nuclear charge experienced by an

atom’s outer electrons increases with the group

number of the element.

 It increases across a period but remains

approximately the same down a group.



4
2

Effective nuclear charge (Zeff) is the “positive charge” felt by an electron.

Na

Mg

Al

Si

11

12

13

14

10

10

10

10

1

2

3

4

186

160

143

132

ZeffCoreZ Radius (pm)

Zeff = Z -  0 <  < Z ( = shielding constant) 

Zeff  Z – number of inner or core electrons



Covalent  and van der waal’s radius:

a b

c

Distance between a and b
Covalent radius

2
=

Distance between b and c
van der Waal's radius=

2





Electrons

Protons

Fe

26

26

Fe2+

26

24

Fe3+

23

26

Cl–

17

18

Cl

17

17Protons

Electrons

Size of anion



4 3 2C N O rF
r r r

no.of electrons 10 10 10 10

nuclear charge 6 7 8 9

− − − −  

+ + + +

2 3Na Mg Al
r r r

no.of electrons 10 10 10

nuclear charge 11 12 13

+ + + 

+ + +

• Note for isoelectronic series  Na+, Mg2+, Al3+, N3-, O2-, 
F-, 

• N3-> O2-> F-> Na+> Mg2+> Al3+

• Most positive ion the smallest, most negative the 
largest 



Isolated gaseous atom

IE

-e-

•Minimum energy required to remove an electron 
from a ground-state, gaseous atom

•Energy always positive (requires energy)

•Measures how tightly the e- is held in atom (think 
size also)

•Energy associated with this reaction  



IE3 > IE2 > IE1

IE1

M
– e

M+

– e
M2+

– e M3+

IE2
IE3



1. Size

Ionisation energy 
1 

Atomic size

Atomic size

Ionisation energy
KJ/mole

Li
1.23

520

Be
0.89

899

Ionization energy  Effective nuclear charge

2. Effective nuclear charge

Is net nuclear attraction towards the valence shell electrons . 

Effective nuclear
charge

Ionisation energy
KJ/mole

Li
+3

520

Be
+4

899



3. Screening effect or shielding effect

Combined effect of attractive and repulsive forces between 
electron and proton.

Ionisation energy
1 

Number of inner shells

No. of inner shells

Ionisation energy
KJ/mole

Li
1

520

Na
2

496

4. Penetrating power of orbitals

s>p>d>f

5. Complete octet

Elements having ns2,np6 configuration have extremely

high ionisation energy.

6. Stable Configuration



Exceptions

i) IE        >      IE
II A            III A
ns2                   ns2,np1

(ii) IE        >      IE
V A             VI A
ns2,np3            ns2,np4

(iii) Ionisation energy of Al > Ga

Absence of d electrons in  Al



In a group (column), I1 decreases with increasing Z. 
valence e’s with larger n are further from the nucleus, 
less tightly held

Variation of I1 with Z



Across a period (row), I1 mainly increases with 
increasing Z. 
Because of increasing nuclear charge (Z).

Variation of I1 with Z



First ionisation energy of Be is more than Li but the 
second ionisation energy of Be is less than Li. Why?

IE1Be > IE1 Li    Be has stable (2s2) configuration.   

IE2 Li > IE2 Be    Li acquires  stable configuration when

it loses one electron.   

Solution:

Li Li Be Be
e –– 

IE
1

2s1 2s0

+ e –– 

IE
1

2s2 2s1

+

Li Li Be Bee –– 

IE
2

1s2 1s1

2++ e –– 
IE

2

2s1 2s0

2++



Successive affinities

e–

Isolated gaseous atom

EA

•Electron affinity is energy change when an e- adds to 
a gas-phase, ground-state atom

•Positive EA means that energy is released, e- addition 
is favorable and anion is stable!

•First EA’s mostly positive, a few negative

( )

( )

1

2

EA

EA 2

A(g) e A g energy released

A (g) e energy supplied A g

− −

− − −

+ ⎯⎯⎯→ +

+ + ⎯⎯⎯⎯→

Stable configuration leads to high electron affinity



•Decrease down a group and increase across a period 
in general but there are not clear cut trends as with 
atomic size and I.E.

•Nonmetals are more likely to accept e-s than metals. 
VIIA’s like to accept e-s the most.

Exceptions

1. EA of Cl > EA of F

2. Group II A have almost zero

electron affinities due to

stable ns2 configuration of

valence shell.

3. Group V A have very low

values of electron affinities

due to ns2,np3 configuration

of valence shell.

More the value of electron affinity greater is the oxidising power.



It is the relative tendency to attract shared pair of 
electrons towards itself.

Factors effecting electronegativity

1. Electronegativity 
1 

Atomic size

2. Electronegativity is higher for nearly filled  configuration e.g. O(3.5) 
and F(4.0).



H H
.. H Cl

.
x x x

x x x

x

AB AA BB AB

2
AB A B A B AB

A B

Pauling's Electronegativity

E  = 1/2(E  + E ) + 

 = 96.49(X  - X ) or |X  - X | =0.102

where X  and X  are constants

characteristic of the atoms A and B.



 



Mulliken Electronegativity

Mulliken Electronegativity is simply the average of the first

ionization energy and electron affinity. Unlike Pauling

Electronegativity, Mulliken's equations are absolute and need no

starting reference point.

xm = (IE1+EA1)/2

Allred-Rochow Electronegativity

Allred-Rochow Electronegativity is a measure that determines the

values of the electrostatic force exerted by the effective nuclear

charge on the valence electrons. The value of the effective nuclear

charges is estimated from Slater's rules. The higher charge, the

more likely it will attract electrons. Although, Slater's rule are partly

empirical. So the Allred-Rochow electronegativity is no more rigid

than the Pauling Electronegativity.



Slater's rules

Slater's rules are rules that provides the values for the effective

nuclear charge concept, or Zeff. These rules are based on

experimental data for electron promotion and ionization energies,

and Zeff is determined from this equation:

Zeff = Z – S

Where Z = nuclear charge, Zeff = effective nuclear charge, and S =

shielding constant



(i) In period

Li       Be      B        C          N          O            F

Valence shell

configuration 
2s1 2s2    2s2,2p1   2s2,2p2 2s2,2P3   2s2 ,2P4    2s2,2P5

Electronegativity 1.0  1.5 2.0        2.5        3.0         3.5         4.0

(ii) In groups-decreases down the group

Decreasing order of electro negativity

F > O > Cl  N > Br > C > I > H



The valency of an element is decided by number of electrons 
present in outermost shell.
All the elements of a group have same valency.

E.g.- All the group I elements show 1 valency. Valency of p 
block elements is

Equal to number of electrons in valence shell.
e.g.- Al has 3 electrons in valence shell. Therefore, its valency 
is 3.

Or

8-number of electrons in valence shell. e.g- valency of oxygen 
is 8 – 6 =2 

1s2,2s2,2p6,3s2,3p6,4s2,

3d10,4p6,5s1

37Rb

1s2,2s2,2p6,3s2,3p6,4s119K

1s2,2s2,2p6,3s111Na

1s2,2s13Li



2nd period

3rd period

CLi

Na Mg

Be

Al Si

B

• Similarity in size.

• Similarity in ionisation energy.

• Similarity in electron affinity.



Lanthanide contraction

Lanthanide contraction describe the greater than expected

decrease in ionic radii of the elements in the lanthanide series

from atomic number 57,lanthanum, to 71, lutetium.

The effect results from poor shielding of nuclear charge

(nuclear attractive force on electrons) by 4f electrons; the 6s

electrons are drawn towards the nucleus, thus resulting in a

smaller atomic radius.



Class Test



❖ X, Y and Z are the elements of Dobereiner’s triad. If atomic 

mass of element X is 32 and that of element Z is 128, find the 

atomic mass of Y.

(a) 32 (b) 80

(c) 128 (d) 160

Solution

The question is based on Dobereiner’s law of triads.

Atomic mass of element Y =  +
= =

32 128 160
80

2 2

Hence, answer is (b).



❖Newland’s law of octave is applied to all the elements having 

atomic mass less than 

(a) 20 (b) 40 (c) 30 (d) 10

Solution:

Hence, answer is (b).

From Newland’s law of Octave.

❖Discovery of _________ is responsible for failure of law of 

octave.

(a) lanthanides (b) actanides

(c) transition elements (d) noble gases

(d)

Solution



In which orbitals does the differentiating electron enters in case

of inner transition elements?

(a) (n – 1)d (b) ns1

(c) ns2, np1–6 (d) (n – 2)f

Hence, answer is (d).

f-block elements are known as inner-transition elements.

Solution:



✓ The relative electronegativities of F, O, N, C and H are

(a) F > C > H > N > O (b) F > O > N > C > H

(c) F > N > C > H > O (d) F > N > H > C > O

Solution:

Hence, answer is (b).

The correct order of electronegativities is

   
4.0 3.0 2.13.5 2.5
F O N C H



❖Which one of the following is correct order of ionic 
size?

(a) Ca2+ > K1+ > Cl- > S2-

(b) S2- > Cl- > K+ > Ca2+

(c) Ca2+ > Cl- > K1+ > S2-

(d) S2- > Ca2+ > Cl- > K+

Solution:

Hence, answer is (b).

Size of iso electronic species decreases with increase
in nuclear charge, more interelectronic repulsion in

S and Cl is the reason of their increased size.



➢ The electron affinities of N,O, S and Cl are
(a) N < O < S < Cl
(b) O < N < Cl < S
(c) O = Cl < N = S

(d) O < S < Cl < N

Solution:

Hence, answer is (a).

The correct order of electron affirmities is

N < O < S < Cl



❖ In which of the following pairs there is an exception in the 

periodic trend for the ionization energy?

(a) Fe – Ni (b) C – N

(c) Be – B (d) O – F

Solution:

Hence, answer is (c).

Since Be has stable configuration (2s2) as compared 
to B (2s2, 2p1).



❖ The first three successive ionisation energies of an 
element Z are 520, 7297 and 9810 kJ mol–1

respectively. The element Z belongs to

(a) group 2 (b)group 1

(c) group 15 (d) group 16

Solution:

Hence, answer is (b).

Since the difference in first and second ionisation

energies is very high, it belongs to group 1.



❖ A, B, C and D have following electronic configurations
A : 1s2, 2s2, 2p1

B : 1s2, 2s2, 2p6, 3s2, 3p1

C : 1s2, 2s2, 2p6, 3s2, 3p4

D : 1s2, 12s2, 2p6, 3s2, 3p6, 4s1

Find out the periods of A, B, C and D.

Solution:

Hence, answer is (b).

Period number is equal to 
maximum value of 
principal quantum number.

Element A — 2nd period
Element B — 3rd period
Element C — 3rd period
Element D — 4th period


