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1 Introduction: - Each element differs from other elements in one way or the other.
Their compounds also exhibit different characteristics. Therefore, it is difficult to
study and remember the properties of individual elements and their compounds. To
overcome this difficulty, attempts were made from time to time to group together
the elements with similar properties. Thus, knowing the properties of one element,
the properties of other elements in that particular group could be known. This
“Process of arranging similar elements in one group and separating them from
other dissimilar elements is called classification of elements”.

A table which has been framed with the help of classification of elements is called

periodic table. Periodic table is the tabular arrangement of all the known elements

based on periodic law.
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- Modern Periodic law: -

“Properties of the elements are the periodic function of their atomic
numbers”.

l.e. When elements are arranged in the increasing order of their
atomic numbers, then elements having similar properties are repeated
after regular intervals.( That is called periodicity).

The elements showing similar properties are repeated at regular

Intervals is called periodicity.




Outline of periodic table : -

1 1) There are 7 horizontal rows called as periods, which are numbered as 1,2,3,...etc.

2) There are 18 vertical columns called as groups corresponding to 16 groups. These
groups are numbered as 1A, HlIA, IIIB,....... VIIB, VIII, IB,IIB,IIA,....... VIIA and
zero. The group VIII in the centre of the table contains three vertical columns.

3) The table may be broadly divided into the following three portions.
1) The left portion: - From groups IA and IIA. These are highly metals.
I1) The right portion: - From group I11A to VIIA, along with zero group. It consists
of poor metals, all metalloids and non-metals. All non-metals are placed in the top
right hand corner. The elements of zero group are present to the extreme right.
i) The middle portion: - From groups 1B, IVB. VB, VIB, VIIB, VIII, IB, IIB.
They include transition elements and inner transition elements. The cause of
periodicity lies in the recurrence of similar outer electronic configuration at regular

intervals. The intervals are 2,8,8,18,18,32, 32.




Classification of elements into s,p,d,f, block elements
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S-block elements
last electron enters
the s-orbital of their
outermost shell.

Elements of IA and IIA
groups. General outer
—~ electronic confg".

is nst and ns?

This classification depends
upon the type of the orbital
(s, p, d, f) into which the
last electron (differentiating

electron) of the atom enters.

p-block elements
last electron enters
the p-orbital of their
outermost shell

Elements of I1IA to VIIA
and zero groups. Their
general electronic onfg".
is from ns2np?! to ns2np®.

d-block elements
last electron enters t
he d-orbital of their
penultimate shell
(last but one)

Elements of 11I1B to VIII
and from IB to |IB

—>groups. Their general
electronic confgn. Is
(n_l) d1-10 nso,l,z.

f-block elements

last electron enters
the f-orbital of their
prepenultimate shell
(inner to penultimate
or last but two)

Their general
electronic confgn.
> Is (n-2) fi-24

(n-1) d%12 ns2,
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Classification of elements into s,p,d,f, block elements

\

S-block elements
last electron enters
the s-orbital of their
outermost shell.

Elements of IA and IIA

groups. General outer
—~ electronic confg".

is nst and ns?

This classification depends
upon the type of the orbital
(s, p, d, f) into which the
last electron (differentiating

electron) of the atom enters.

p-block elements
last electron enters
the p-orbital of their
outermost shell

Elements of I1IA to VIIA
and zero groups. Their
general electronic onfg".
is from ns2np?! to ns2np®.

d-block elements
last electron enters
the d-orbital of their
penultimate shell
(last but one)

Elements of I1IB to VIII
and from IB to |IB
> groups. Their general

electronic confgn. Is
(n_l) dl—lO nso,l,z.

f-block elements

last electron enters
the f-orbital of their
prepenultimate shell
(inner to penultimate
or last but two)

Their general
electronic confgn.
> Is (n-2) fi-24

(n-1) d%12 ns2,
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Classification of eléments

Inert gases Normal elements Transition elements Inner
Noble gases Or d-block elements Transition
Zero group Representative Elements
elements elements f-block
nsz np°® S and p-block elements
elements l
8 electrons in Outermost Their last two Their last
Outermost energy level energy levels Three energy
Shell Is incompletely are incompletely levels are
ns2np® Filled filled incompletely
ns! to nsnp® (n-1)d! ns? to Filled
(n-1) d'9 ns? (n-2)f-14)
(n-l) dlorong2
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Ne (10) —1S?, 252, 2Ps
Ar (18) — 152, 252, 2P, 352 3P
He (2) — 1S°

1] Normal or Representative elements: - (S & P-block)
Na (11) — 1S?, 282, 2P6, 35!

Mg (12) — 182, 252, 2P8, 352

Al (13) — 152, 282, 2P8, 352, 3p1

Si (14) — 182, 282, 2P6, 352, 3P2

D (15) — 182, 232, 2P6, 352, 3P3

S (16) — 1S?, 282, 2PS, 352, 3P4

Cl (17) — 18?2, 282, 2P6, 352, 3PS

14




1] Transition elements: - (d-block)

Sc (21) — 182, 282, 2P%, 352, 3P%, 452, 3d!

Cu (29) — 1S?, 252, 2PS, 3S2, 3P%, 452, 3d°
Zn (30) — 1S2, 252, 2P%, 352, 3PS, 452, 3d1Y

IV) Inner transition elements: - (f-block)
La (57) — 1S?, 252, 2P%, 352, 3P%, 452, 3d'9,4P°%, 552, 4d10, 5P%, 6S?, 4f!
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Alkali metals —IA group elements (Oxides and hydroxides are basic)

Alkaline Earth metals- 1A group elements (Oxides and hydroxides are basic and

stable to fire)
Inert gases-Zero group elements (Octet rule, stable octates)
Halogens-VII A group elements (Salt generaters)

Chalcogens-VIA group elements (Ore forming)
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~Rutherford’s EXperiment:=
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Rutherfords atomic model: - 1) Atom is extraordinarily empty in space.

i) It consists of a centre called nucleus, compact heavy, mass at centre, size 1012 to
1013 cm.

1) Positive charge due to protons

Iv) Electrons are revolving around and atom is neutral.

Drawbacks: -

1) Repulsion between protons

1) Gradual fall in energy

1i1) Electron cannot trace circular path

IvV) Newton's laws not applied.

22



Bohr’s Model: - stationary, non radiating circular orbits, energy constant, energy
Increases away from nucleus, excitation by absorption of quanta, quantization
of angular momentum.

Drawbacks: - 1) Fails for many e- ii) Multiplicity of lines iii) Zeeman & Stark effect,
Iv) Arrangement of e-s v) Excluded motion of nucleus vi) Jumping is not
justified vii) Fails to explain bonding.

Sommerfield’s Model: -

Possibility of elliptical orbits, Considers motion of nucleus, Noted relativistic

variation of mass with velocity at different positions of ellipse.
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Quantum numbers:. - s information about

1ze of atom

1) Shape of electron cloud

1i1) Orientation of electron

Iv) Spin of electron

A) Principal quantum number(n): - Main energy level, size or effective volume of
atom. Takes values from n =1,2,3,.....or K, L, M, N.... Shells. The maximum
no. of electrons = 2n2.

B) Azimuthal quantum number(l) : - Sub-energy level, shape of electron cloud.
Sub-energy levels = n.

Takes values from | = 0 to (n-1).

|— 0 1 2 3
Orbital — S P
Electrons — 2 6 10 14

27




C) Magnetic guantum number{my): lentation, disposition, locati

f m, = (2l +1) = -l, through 0 to +I

n I m,

1 0(S) |0(One) []

2 0(S) 0(One) [

1(P) |-1,0,+1 (Three) i.e. P,, RAP; T
3 0(S) |0 (One)

1(P) |-1,0, +1 (Three)

2 (d) |-2,-1,0.+1, +2 (Five) dxy.dyz, dxz, dx>-y?, dz?
4 0(S) |0 (One)

1(P) |-1,0,+1 (Three)

2(d) |-2,-1,0.+1, +2

3(H |-3,-2,-1,0,+1, +2, +3 (Seven)

25



/D)S@Lqﬂantum number (mwﬁ :

clockwise direction.

1

mg =+ m, =-3

n | m, m

1 |0(S) |0(One) rsand-3  |2e

2 0(S) [0 (One) 2e 8e
1(P) |-1,0,+1 (Three) 6e

3 0(S) |0(One) 2e 18e
1(P) |-1,0,+1 (Three) 6e’
2(d) |-2,-1,0.+1, +2 10e°

4 0(S) [0 (One) 2e 32e
1(P) [-1,0,+1 (Three) 6e’
2(d) [-2,-1,0.+1, +2 10e°
3 () -3,-2,-1,0, +1, +2, +3 14e B




Aufbau principle: - il enter into the lowest energy level first

increasing order of energy. The energy sequence can be determined as:-

The energy sequence is
1S, 2S, 2P, 3S, 3P, 4S, 3d, 4P, 5S,....

EmeTgy Level .

A T Energy of 4S < Energy of 3d

q E‘“ﬁp H“"Ei_&_ Energy is calculated by (n + 1) rule,
s \w \!\ For 4S — (n =4 and | =0)
h‘*&\ . (n+l) = 4+0 =4

2 \-\Sp\ For 3d—(n =3 and | = 2)

(n+1)=3+2=5
4 < 5 Hence, Energy of 4S < Energy of

Kh—-—.ﬁ
3d.
1 ‘\1&
When (n+ 1) values are same, then the

; 1 d [ |shell with lower value of n posseses

sibshells lower energy.
l.e. 3d < 4P, Both have (n+l) = 5.
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Hunds rule of maximum multiplicity: - If several orbitals of equal energy are available,

then electrons are singly filled first, then pairing starts.

e.g. B (At. No. = 5) — 152, 252, 2Px!

C (At. No. = 6) — 182, 252, 2PxL, 2Py?

N (At. No. = 7) — 182, 282, 2Px1, 2Py!, 2PZ!
O (At. No. = 8) — 152, 252 2Px2, 2Py, 2Pz
F (At. No. = 9) — 152, 252, 2Px2, 2Py?, 2Pz

Paulis exclusion principle: - “No two electrons in the same atom, have the identical set

of four quantum numbers”.

e..g. He (At. No. = 2) — 152

15t electron
n=1

| = 0 (S-orbital)
ml =0

1
ms=+5

2" electron
n=1

| = 0 (S-orbital)
ml=0

1
ms=-3

=

28



ement have number of electrons in |

ual to half-filled or full-filled to their capacity, then they acquires more stability.
For this purpose, rearrangement of electrons takes place between nearly equal
energy orbitals.
e.g. Cr (24) — 152, 252,2P%,3S?, 3P% 4S2, 3d* (expected)
But, Cr (24) — 1S?, 252,2P%,3S?, 3P%,4S1, 3d° (Observed) (Half-filled)
Similarly,
Cu (29) — 1S?, 252,2P*%,3S2, 3P%,4S2, 3d° (expected)
But, Cu (29) — 1S?, 252,2P6,3S?, 3P%,4S1, 3d!° (Observed) (Full-filled)

29
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Introduction: - 1 are called as transition elements b

e position and properties are between s-block and p-block elements.

S-block | —> | d-block | <~ | p-block

The general electronic configuration of d-bock elements is nS%1°r2 (n-1) d-19,
Subshells

|
! !

Completely fillled Incompletely filled

S?, P6, d10, f4 Contains less no. of electrons
than their capacity e.g. St, P15, d-9, f1-13
The transition elements may be broadly defined as “The elements which have partly
filled d or f-subshells in their atoms or ions in their commonly occurring oxidation
states are called as transition elements”
e. g. —Sc (21) — Sc (21) — 152, 252, 2P6, 352, 3P6, 452, 3d!
Cu (29) — 1S?, 252,2P5,3S2, 3P%,4S2, 3d° (expected)
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Cu (29) — 152, 257,2P°% 357, 3P% 452 "3d° (expected)

9) — 152, 252,2P%,3S2, 3P%,4S1, 3dY (Observe
We know, CuSO4, Here, Cu is as Cu*? and SO, as SO,
Cu—— Cu*?+2e

29¢ _  2ie+le

Cu*? (27) — 1S?, 252,2P5,3S2, 3PS, 3d” (partly filled d-orbital)

Non-transition)

Hence, Cu is a member of transition elements.
Now, Consider Zn (30) — 1S?, 252,2P%,3S?, 3P%,4S2, 3d'9 (d-orbital full filled)
But, We know, ZnSO4, Here, Zn is as Zn*? and SO, as SO,
Zn Zn*2 + 2e-

—_—
30 e 28 e+ 2¢

—_—

Zn*? (28) — 152, 252,2P%,3S2, 3P%, 3dY (completely filled d-orbital)
Hence, Zn is not a member of transition elements.
Inner transition elements: - (f-block)
La (57) — 1S?, 2S?, 2P, 3S?, 3PS, 4S2, 3d19,4PS 55?2, 4d10 5P6 6S?, 4f! (Partly filled f-

orbital)
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At.no./ [89Ac |104 Rf|105 106 107 108 Hs | 109 Mt
Element Db Sg Bh Hassiu | Meithe
m _
Rium
Confg. |[6d!5S? | d? a3 a4 ad do d’
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Introduction: - 1 are called as transition elements b

e position and properties are between s-block and p-block elements.

S-block | —> | d-block | <~ | p-block

The general electronic configuration of d-bock elements is nS%1°r2 (n-1) d-19,
Subshells

|
! !

Completely fillled Incompletely filled

S?, P6, d10, f4 Contains less no. of electrons
than their capacity e.g. St, P15, d-9, f1-13
The transition elements may be broadly defined as “The elements which have partly
filled d or f-subshells in their atoms or ions in their commonly occurring oxidation
states are called as transition elements”
e. g. —Sc (21) — Sc (21) — 152, 252, 2P6, 352, 3P6, 452, 3d!
Cu (29) — 1S?, 252,2P5,3S2, 3P%,4S2, 3d° (expected)
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Cu (29) — 152, 257,2P°% 357, 3P% 452 "3d° (expected)

9) — 152, 252,2P%,3S2, 3P%,4S1, 3dY (Observe
We know, CuSO4, Here, Cu is as Cu*? and SO, as SO,
Cu—— Cu*?+2e

29¢ _  2ie+le

Cu*? (27) — 1S?, 252,2P5,3S2, 3PS, 3d” (partly filled d-orbital)

Non-transition)

Hence, Cu is a member of transition elements.
Now, Consider Zn (30) — 1S?, 252,2P%,3S?, 3P%,4S2, 3d'9 (d-orbital full filled)
But, We know, ZnSO4, Here, Zn is as Zn*? and SO, as SO,
Zn Zn*2 + 2e-

—_—
30 e 28 e+ 2¢

—_—

Zn*? (28) — 152, 252,2P%,3S2, 3P%, 3dY (completely filled d-orbital)
Hence, Zn is not a member of transition elements.
Inner transition elements: - (f-block)
La (57) — 1S?, 2S?, 2P, 3S?, 3PS, 4S2, 3d19,4PS 55?2, 4d10 5P6 6S?, 4f! (Partly filled f-

orbital)
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