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The potential energy (y) curve for H, formation as a function of internuclear
distance (x) of the H atoms is shown below. H
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‘ ’ Exceptions of Octet Theory )
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Formal Charge

The formal charge of an atom in a polyatomic molecule or ion may be defined
as the difference between the number of valence electrons of that atom in an

isolated or free state and the number of electrons assigned to that atom in the
Lewis structure. It is expressed as :

on an atom 1n a Lew:s

structure
(E.¢.)

total number of valence total number of non
electrons in the free — | bonding (lone paur)
L_{ T ‘j' n-. ]
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et us consider the ozone molecule (O.).
The Lewis structure of O, may be drawn as:

1 & |

The atoms have been numbered as 1. 2

and 3. The formal charge on:
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Types of Covalent Bond
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s-s overlapping : In this case, there i1s
overlap of two half filled s-orbitals along
the internuclear axis as shown below :

s-orbital s-orbital s-s overlapping

o= &hq



s-p overlapping: This type of overlap
occurs between half filled s-orbitals of one
atom and half filled p-orbitals of another

atom.
s~ %and

4 3

s-orbital p-orbital s-p overlapping

* p-p overlapping : This type of overlap
takes place between half filled p-orbitals
of the two approaching atoms.
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p-orbital p-orbital p-p overlapping
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p-orbital p-orbital p-p overlapping




Overlapping between d-orbitals :




Delta Bond Type




Formed by axial overlapping , 1 Formed by side by side overlapping

Involves s-s, s-p, p-p (axial) & hybr@iq‘ orbitals 2 Involve p-p, p-d & d-d sideways/collateral

overlapping P 4 overlapping -

o
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Extent of overlapping is stronger Extent of overlapping is less so weaker
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Free rotation around o bond is possible Free rotation around T bond is not

possible

Hybridized or unhybridized orbital forms o Hybridized orbital never forms t bond
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bond _ e

Independent existence of o-bond. No independent existence.
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Strength of Covalent Bond
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Salient features of Hybridization : 0928 ot I°

1. The number of hybrid orbitals is equal to the number of the atomic orbitals
that get hybridized.

2. The hybridized orbitals are always equivalent in energy and shape.

3. The hybrid orbitals are more effective in forming stable bonds than the
pure atomic orbitals.

4. These hybrid orbitals are directed in space in some preferred direction to
have minimum repulsion between electron pairs and thus a stable
arrangement. Therefore, the type of hybridization indicates the geometry
of the molecules.
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Calculation of Hybridisation

1. sp hybridisation

s 0
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Be Cl,

Cl

(9) BeCl, molecule
Fig.4.10 (a)Formation of sp hybnids from s and

+ ] a1 1 4 £ 4 ]
!'," "4'}"1'.’44'!.\_ (D) FOIrmation o) the hinear
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BeCl. molecule




2. sp?hybridisation

sp” hybrids

Fig.4.11 Formation of sp® hybnds and the BCI,
molecule




3. sp? hybridisation

S+P. P, P,

Fig.4.12 Formation of sp” hybrids by the

combwmnation of s, p_, p. and p_ atomi

orbitals of carbon and the formation of

CH molecule
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Ammonia, NH,

Fig.4.13 Formation of NH, molecule




H,0O

Fig.4.14 Formation of H,O molecule
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Number of
electron pairs

[Page No:- 114]

Arrangement of Molecular
electron pairs geometry

B—A—DB

Linear Linear

B

- 3 B B

Trigonal planar Trigonal planar

Examples

BeCl,, HgCl,




Octahedral

B

B
Tetrahedral

B

B

Trigonal bipyramidal

B
Octahedral
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. QUESTION ) @

In a regular octahedral molecule, MX, the number of X-M-X bonds at 180°is:

4
@ Two S /
Q Six = \
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QUESTION ) @

Specify the coordination geometry around and hybridisation of N and B atoms in a
1:1 complex of BF,; and NH..
(2002, 3M)

N : tetrahedral, sp, ; B: tetrahedral, sp®
N: pyramidal, sp?; B: pyramidal, sp?
N: pyramidal, sp?; B: planar, sp?

N: pyramidal, sp?; B: tetrahedral, sp?
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Valence Shell Electron Pair Repulsion Theory
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AR L
No. of
Malassda < °d1 No. of Arrangement of Shape Examples
¢ onding lone pairs electron pairs
ype
pairs
AB.E 2 | e Bent SO0
|
A
7~ N\
B B
Trngonal planer
AB.E 3 I i Trigonal pyramidal NH
27\
B3 / 3
B
Tetrahedral
AB K. 2 2 | Bent H.0O
21N\
Y jlis
B
Tetrahedral
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Trigonal
bi-pyramidal

See saw

SF,

AB.E

r'v

B
|
— A
B fl ~
B
Trigonal
bi-pyramidal

T-shape

CIF,

AB.E

Square pyramid

BrF

AB.E.

N

Octahedral

Square planer

Xek,




NCERT CORNER )[Page No:-116-117]

Molecule No. of No. of Arrangement Reason for the
type bonding lone of electrons shape acquired
pairs pairs




The shape should have been
tetrahedral if there were all bp
but two lp are present so the
shape 1s distorted tetrahedral
or angular. The reason 1s
lp-lp repulsion 1s more than
p-bp repulsion which 1s more
than bp-bp repulsion. Thus,

the angle 1s reduced to 104.5

i
,
!
.

from 109.5°¢

In (a) the lp 1s present at axial
position so there are three
lp—bp repulsions at 90°.
In(b) the lp 1s 1n an equatonal
osition, and there are two
p—bp repulsions. Hence,
arrangement (b) 1s more
stable. The shape shown 1n
(b) 1s described as a distorted
tetrahedron, a folded square




Molecule No. of No. of Arrangement Reason for the
type bonding lone of electrons shape acquired
pairs pairs

In (a) the lp are &

equatorial pos

so there are less
bp repulsions
compared to others
in which the lp are
at axial positions So
structure (a) 1s most

stable. (T-shaped)
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Total number of lone pair of electron ir@on is
(2018 Main)
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~ QUESTION ) @

Which of the followincontains maximum number of lone pairs on the central
9‘ A

atom?
- gz - ) (2005, 1M)
v O Sl —==0% 3| s
® dof~ =™ & I
D




QUESTION )
' oy Xen@Y

Number of lone pair(s) in XeOF, is/are
A O (2004, 1M)
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The correct statement about ICl; and IClg, is a o
S9- PY Y. 39 - plamar (2019 Main, 8 April II)

@ [Cl; is square pyramidal and ICl; ig4tetrahedral

0/ [Cl; is square pyramidal and ICl3 is square planar

@ Both are is>§ructural
@ [C1:is trigonmramidal and ICly is tetrahedral
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QUESTION ) @

The ion that has sp?d?hybridisation for the central atom, is
(2019 Main, 8 April)

&) nayr- > spd 6 < F QIQ?——u
[BrF,]- S S"}o\ Q/\q O

@ [ICl,] = S‘j}ql
F e ©D
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QUESTION )

Which one of the following molecules is planar? (1996, 1M)




‘ ’ Bond Parameters )
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Bond Length
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~ QUESTION ) @

The correct order of increasing C - O bond length of CO, CO5 < CO,is

(1999)2M)
A
CSO O==1C =26 o::c/
@ C0% <C0,<CO B0 -2 el \O_

E W M
C0,<C05 <CO :
gCO <C0,<CO5
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‘ ’ Hybridisation in Solid State )
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Dipole
Moment, 11(D)

Molecule (AB) M linear
' linear

linear

linear

linear

Type of Molecule

Molecule (AB)) bent

bent

linear

Molecule (AB ) NH., 7 trigonal-pyramidal
NF trigonal-pyramidal
trigonal-planaz

Molecule (AB) ‘ tetrahedral
tetrahedral

l~f!:1}l¢"'1!"1l




Applications of Dipole Moment

** Polarity of Molecules 2—9 A % ? .
Al = N
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QUESTION ) @

Of the following compounds, which will have a zero dipole moment? (1987, 1M)

. U\Q P i
@ 1, 1-dichloroethylene b% N
U H
cis-1, 2-dichloroethylene C)\ /U(
dst I 2
@ trans-1, 2-dichloroethylene A e i o :C/
H H Vi L%

@ None of the above Q



~ausion) HW @

Arrange the following compounds in order of increasing dipole moment, toluene
(I), m-dichlorobenzene (II), 0-dichlorobenzene (III), p-dichlorobenzene (1V)

(1996. 1M)
@ [<IV<Il<Ill

IV<i<lIl<lIll
@ IV<Ii<lIll<Il
@ IV<Ili<I<Ill



QUESTION )

The molecule which has zero dipole moment is (1989, 1M)
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~ QUESTION ) @

Among the following, the molecule with the highest dipole moment is
(2003, 1M)
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NCERT CORNER ) [Page No:-106]

From the Kossel and Lewis treatment of the
formation of an 1onic bond, 1t follows that the
tormation of 1onic compounds would primanly
depend upon:

® The ease of formation of the [An.\iri\'rf and

—_——————

negative ions from the respective neutral

atoms.

¢ The arrangement of the positive and

egative 1ons 1n the solid. that 1s. the
of the crystalline compound.




x Latlicr Emergy 5
The Lattice Enthalpy of an ionic solid is defined as the energy required to \—/

completely separate one mole of a solid ionic compound into gaseous
constituent ions.
LE| -

Na (4 > Na
&

(s) & uf“a')

Note: [Page No:-107]

Thus a qualitative measure
of the stability of an ionic compound
is provided by its enthalpy of lattice

formation and not simply by achieving

octet of electrons around the ionic species
in gaseous state.




QUESTION )

The number and type of bonds between two carbon atoms in CaC, are (1996, 1M)

one sigma (o) and one pi () bonds
one sigma (o) and two pi (n) bonds
one sigma (o) and one half pi (n) bonds

one sigma (o) bond

CIOICIC,
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‘ ’ Fajan’s Rule (Polarisation) )
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Hydrogen Bonding
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~ QUESTION ) @

The maximum possible number of hydrogen bonds a water molecule can form is
(1992, 1M)

o

pud

CIOICIC,
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. QUESTION ) @

Which one among the following does not have the hydrogen bond? (1983, 1M)




Types of Hydrogen Bonding
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Molecular Orbital Theory

The electrons in a molecule are present in the various molecular orbitals
as the electrons of atoms are present in the various atomic orbitals.

The atomic orbitals of comparable energies and proper symmetry
combine to form molecular orbitals.

While an electron in an atomic orbital is influenced by one nucleus, in a
molecular orbital it is influenced by two or more nuclei depending upon
the number of atoms in the molecule. Thus, an atomic orbital is

monocentric while a molecular orbital is polycentric.




(iv)

(v)

(vi)

(vii)

combining atomic orbitals. When two atomic orbitals combine, two
molecular orbitals are formed. One is known as bonding molecular
orbital while the other is called antibonding molecular orbital.

The bonding molecular orbital has lower energy and hence greater
stability than the corresponding antibonding molecular orbital.

Just as the electron probability distribution around a nucleus in an atom
is given by an atomic orbital, the electron probability distribution
around a group of nuclei in a molecule is given by a molecular orbital.

The molecular orbitals like atomic orbitals are filled in accordance with
the aufbau principle obeying the Pauli’s exclusion principle and the
Hund’s rule.
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The number of molecular orbital formed is equal to the number of G4
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Zero overlap (out of phase due to different orientation
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The molecular orbital ¢ formed l-y\' the
addition of atomic orbitals 1s called the bonding
molecular orbital while the molecular orbital
c* formed by the subtraction of atomic orbital

1s called antibonding molecular orbital as
depicted 1n Fig. 4.19.

Increasing energy

Atomic

Antibonding orbital
higher energy than
that of atomic orbitals

Molecular X
) »
orbitals Alomic

orbital ’ orbital

sonding orbital
lower energy than
that of atomic orbitals
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The distribution of electrons among VArious
molecular orbitals 1s called the electronic
configuration of the molecule. From the
electronic t‘()Ill\lglll'éili()H of the molecule, 1t 1s
possible to get important information about

the molecule as discussed below.

Stability of Molecules: If N, 1s the number
- * ‘.‘ .
of electrons occupying bonding orbitals and

N the number occupying the antibonding
orbitals, then
the molecule 1s stable if N, 1s greater
than N_, and

the molecule 18 unstable 1if T\Ik 1s less

than I\'ﬁ.
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In which of the following processes, the bond order has increased and
paramagnetic character has changed to diamagnetic?

(2019 Main, 9 Jan II)
20 2.5
0,- 0; >«

N, = N3 x
e

0, “’9_%—

X0 4-0

NO — NO*

E————

5 30

VRO ®® |
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The species having bond order different from that in E.(-)-is (2007, 3M)
\\Me” '——> 20
\@NO' 1Ge” =2 D
NO™ Jue- - o O
@ CN- \qe = T.0)
@ B30



QUESTION )

Among the following, the paramagnetic compound is (2007, 3M)

&
—> DNaq -+
@ "220z £ L&EM: DI
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Which of the following molecular species has unpaired electron (s)? (2002, 3M)




N
QUESTION ) @

-0 30 3-0
The common features among the species CN-, CO and NO* are (2001, 1M)
b it 1Y

bond order three and isoelectronic 7

bond order three and weak field ligands

@ bond order two and acceptors

@ isoelectronic and weak field ligands
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Match the orbital overlap figures shown in Column I with the description given in
Column II and select the correct answer using the codes given below the Columns.
Column I Column Il (2014 Adv.)

1. p-d m antibonding

3. p-d = bonding

B. % 2. d-d o bonding

4. d-d o antibonding
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QUESTION )

Two pi and half sigma bonds are present in




Which of the following compounds contain(s) no covalent bond(s)?
KCl, PH,, O,, B,H,, H,SO,, CsF

K’: 9% (2018 Main)
® s, (Ko e rad (GF S0
KCl, H,SO .
Q o £y r H Q= o
KCl, CsF = 4 |
@ KCl, B,H, B N4 [
R LR

i
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FOR NOTES & DPP CHECK DESCRIPTION -
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