
Periodic Classification of elements

• Dobereiner’s Triads

• Newlands’ Law of Octaves

• Mendeleev’s Periodic Table

• Modern Periodic Table



Dobereiner’s 
Triads

• Tried to arrange elements in group 
of 3- called Triads

• the atomic mass of the middle 
element was roughly the average of 
the atomic masses of the other two 
elements.

• Li- 6.3, Na-23, K- 39

Limitation

Only 3 triads identified



Newlands Law 
of Octaves

• In 1866, John Newlands 
arranged the then known 
elements in the order of 
increasing atomic masses

• Started with hydrogen (1) 
and ended with thorium 
(56)

• Every 8th element had 
similar property as first
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Newlands Law of 
Octaves-
Limitations

Some Unlike elements 
under the same note

Ex: cl and co. Co more 
like fe, which is at far 
end of table
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Mendeleev’s Periodic Table

• Elements arranged based on 

1. Fundamental property- Atomic Mass

2. Similarity of the Chemical Properties

• Chemical Property determined based on formation of compounds on 
reacting with oxygen and hydrogen- 2 most reactive elements
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Vertical: Group
Horizontal: period
Anamoly: Co and Ni

MENDELEEV PERIODIC TABLE



Achievements 
of Mendeleev 
Periodic Table

• Predicted the existence of some elements by leaving gaps 
in periodic table

• Gave a prefix Eka to such elements in the same group

• When Noble gases were discovered, they could be placed 
undisturbed in a new group



Mendeleev 
table-
Limitations

1. No fixed position for Hydrogen. This was due to isotopes being 
discovered long after Mendeleev periodic table. 

2. Atomic masses do not increase in a regular manner. Hence not 
possible to predict how many element could be discovered between 
2 elements
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Modern periodic Table- Henry Moseley

1. Moseley showed that atomic number is more of fundamental property 
than atomic mass

2. Elements arranged based on increasing atomic number

3. Due to this arrangement, prediction of new elements were more precise

4. Anomalies of Mendeleev table resolved
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MODERN 
PERIODIC 
TABLE
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Filling up of 
electron Shells-

Principal 
Quantum 

Number (n)

• Closest shell to nucleus is K shell, next L, M and 
so on

• Principal Quantum numbers are n= 1,2,3, 4 etc

• Each shell holds 2n2 Electrons

• K- 2 electrons

• L - 8 electrons

• M -18 Electrons

• N - 32 Electrons 
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Electron Sub 
Shells-

Azimuthal 
Quantum 

Number (l)

• In each shell, electrons exist in sub-energy 
levels or sub-shells. 

• Azimuthal Quantum number defines the sub 
shells, having values from 0 to n-1, as follows

• If n=1, l=0 (Only 1 value->1 level -> s)

• If n=2, l=0,1 (2 values->2 levels->s,p)

• If n=3, l=0,1,2 (3 values->3 levels->s,p,d)

• If n=4, l=0,1,2,3 (4 values->4 levels->s,p,d,f)
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Electron Sub 
Shells-

Azimuthal 
Quantum 

Number (l)

• The sub shells are named s,p,d and f. 
Maximum electrons in each sub shell is as 
follows (Given by 4l+2)

• s - 2 electrons

• p- 6 electrons

• d-10 Electrons

• f- 14 Electrons

Azimuthal Quantum number l for sub-shells are: 
s=0, p=1,d=2 and f=3 
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Orbitals in 
Sub Shells-
Magnetic 
Quantum 
Number (m)

• In a strong magnetic field, the sub-shells are resolved into 
different orientations denoted by magnetic quantum number 
m

• This value depends on l. where m=-l through 0 to +l
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Shapes of the orbitals based on Azimuthal Quantum Number- S & P
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Shapes of the orbitals based on Azimuthal Quantum Number- d & f



Spin Quantum 
Number (s)

• The electron in the atom rotates not only 
around the nucleus but also around its own 
axis and two opposite directions of rotation 
are possible (clock wise and anticlock wise).

• Therefore the spin quantum number can have 
only two values +1/2 or –1/2.
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Pauli’s exclusion principle
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“it is impossible for any two 
electrons in a given atom to have all 

the four quantum numbers 
identical” i.e., in an atom, two 

electrons can have maximum three 
quantum numbers (n, l and m) the 

same and the fourth(s) will definitely 
be having a different value. 

Thus if s = +1/2 for one electron, s 
should be equal to –1/2 for the other 

electron. In other words the two 
electrons in the same orbital should 

have opposite spins (¯).



Use of Pauli’s 
principle

The greatest use of 
the principle is that 
it is helpful in 
determining the 
maximum number 
of electrons that a 
main energy level 
can have.
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• Let us illustrate this point by considering K and L shells

• (a) K-shell: For this shell n = 1. For n = 1, l = 0 and m = 0. Hence s can 
have a value either +1/2 or –1/2. The different values of n, l, m and s 
given above give the following two combinations of the four quantum 
numbers, keeping in view the exclusion principle.

• Combination (i) is for one electron and combination (ii) is for the other 
electron.

• (i) n = 1, l = 0, m = 0

• s = +1/2 (1st electron)

• (ii) n = 1, l = 0, m = 0,

• s = -1/2 (2nd electron)

• (Two electrons in l = 0 sub-shell i.e., 1s-orbital)

• These two combinations show that in K shell there is only one subshell 
corresponding to l = 0 value (s-sub-shell) contains only two electrons 
with opposite spins.
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• (b) L-shell: For this shell n = 2. For n = 2 the different values of l, m and 
s give the following eight combinations of four quantum numbers.

• (i) n= 2, l = 0, m = 0, s = +1/2

• (ii) n = 2, l = 0, m = 0, s = -1/2

• (iii) n = 2, l = 1, m = 0, s = +1/2

• (iv) n = 2, l = 1, m = 0, s = -1/2

• (v) n = 2, l = 1, m = +1, s = +1/2

• (vi) n = 2, l = 1, m = +1, s = -1/2

• (vii) n = 2, l = 1, m = -1, s = +1/2

• (viii) n = 2, l = 1, m = -1, s = -1/2

• Eight combinations given above show that L shell is divided into two 
sub-shells corresponding to l = 0 (s sub-shell) and l = 1 (p sub-shell) and 
this shell cannot contain more than 8 electrons, i.e., its maximum 
capacity for keeping the electrons is eight.

Use of Pauli’s principle

The greatest use of the 
principle is that it is 
helpful in determining 
the maximum number 
of electrons that a main 
energy level can have.



Aufbau principle
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“In the ground state of the atoms, the 
orbitals are filled in order of their 

increasing energies” i.e., electrons first 
occupy the lowest-energy orbital 

available to them and enter into higher 
energy orbitals only after the lower 

energy orbitals are filled

The order in which the energies of the 
orbitals increase and hence the order in 

which the orbitals are filled is as 
follows: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 

4d, 5p, 6s, 4f, 5d, 6p, 7s…………….



Aufbau principle
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Hund’s Rule of maximum multiplicity

23

“Hund’s rule of maximum 
multiplicity states, that in filling 

p, d or f orbitals, as many 
unpaired electrons as possible 

are placed before pairing of 
electrons with opposite spin is 

allowed”

Pairing of electrons requires 
energy. Therefore no pairing 

occurs until all orbitals of a given 
sublevel are half filled. This is 

known as Hund’s rule of 
maximum multiplicity



Hund’s rule of maximum multiplicity

• Thus, if three electrons are to be filled 
in the p- level of any shell, one each 
will go into each of the three (px, py, 
pz) orbitals. 

• The fourth electron entering the p-
level will go to px orbital which now 
will have two electrons with opposite 
spins (as shown in pic) and said to be 
paired. The unpaired electrons play an 
important part in the formation of 
bonds.
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Stability of 
orbitals

• As per Hund’s rule- Half filled or completely 
filled orbitals are stable

• The half-filled and completely filled electron 
configurations have symmetrical distribution of 
electrons and this symmetry leads to stability

• Thus the p3,p6,d5,d10,f7 and f14 configuration 
which are either completely filled or exactly 
half-filled are more stable.

• Moreover, in such configuration electron can 
exchange their positions among themselves to 
maximum extent
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Filling up the orbitals and Hund’s rule illustration

• Chromium- Atomic Number 24

• K-2, L-8, N-2, M-12- Expected

• K-2, L-8, N-1, M-13- Actual

• Copper- Atomic Number 29

• K-2, L-8, N-2, M-17- Expected

• K-2, L-8, N-2, M-17- Actual
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